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(54) Battery system for camera 

(57) There are disclosed a secondary battery 
detachably mountable on a camera body, a camera 
body on which such secondary battery is mountable, 
and a battery system including such secondary battery 
and such camera body. A system includes a battery 
pack equipped with a circuit for calculating the 
charge/discharge amount of the battery and a device for 
displaying the remaining capacity of the battery 
obtained from the calculation, the display device being 
so positioned as to be observable from the rear side of 
the camera. In another embodiment, a primary battery 
pack or a secondary battery pack is selectively mounted 
to the camera body, and a display device on the camera 
body indicates the remaining capacity of either pack 
mounted on the camera. In still another embodiment, 
the calculation of charge/discharge amount is made 
more precisely, by controlling the timing of calculation 
according to the on/off timing of loads in the camera 
such as motors. In another embodiment, the camera 
body is equipped with a circuit for calculating the 
charge/discharge amount of battery while the battery 
pack is provided with a memory for storing its remaining 
capacity, and information is exchanged between the cal- 
culating circuit and the memory. In this manner the 
remaining capacity can be exactly detected and dis- 
played even when the battery pack is changed. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a battery system including a battery pack, for use in a camera for electric power 
supply to various electric and electronic components provided in the camera body of a still camera, and more particu- 
larly to such battery system provided with means for measuring the remaining capacity of the battery. 

10 

R elate d Pa c Kg rou nd Ar t 

Also in the field of still cameras, there have recently been marked introductions of electronic systems, as in the 
equipment of other fields. For this reason, various electric and electronic components, such as focal plane shutter, auto- 
is matic exposure control mechanism, automatic film winding mechanism etc., are incorporated in the camera body as the 
loads for battery power source. Such transition toward the electronic systems is imposing various requirements on the 
battery to be incorporated in the camera body, such as a larger capacity, a lower cost, and a structure of easier use and 
better appearance. 

The battery conventionally used in such still cameras has usually been UM-3 type which relatively easily available, 
20 and such battery is either directly loaded in a battery chamber formed in a part of the camera body or loaded in a battery 
pack that can be loaded into the camera body. The camera utilizing such battery is usually equipped with a simple bat- 
tery check circuit for detecting the level of exhaustion of battery, and said circuit can be activated by the shutter release 
button of the camera or by an exclusive checking button and shows the result of checking in the view finder or in an indi- 
cator provided on the outside of the camera. The battery checking for detecting the level of exhaustion of UM-3 battery 
25 needs only to measure the open terminal voltage of the battery, because of discharge characteristics thereof, and 
requires only a simple circuit in the camera body. 

In such still cameras, however, instead of primary battery that can only be used one time, such as UM-3 battery, 
there is desired the use of a rechargeable secondary battery pack, such as of nickel-cadmium batteries, because of a 
lower running cost, superior low temperature characteristics and preference by professional photographers. 

30 

SUMMARY OF THE INVENTION 

Figs. 1 and 2 illustrate a battery system of a camera, utilizing a secondary battery pack. 

In these drawings, a phototaking lens 4 is mounted on the front face of a camera body 2. A view finder 5 is provided 
35 for confirming the object image. The photographer, while looking into said view finder, depresses an unrepresented 
shutter release button in order to expose the film to the object image. 

In the lower part of the camera body 2, there is provided a battery pack chamber 6, in which a secondary battery 
pack 1 is detachably loaded. 

Said secondary battery pack 1, having a resin case incorporating plural nickel-cadmium batteries therein, is pro- 
40 vided at the external end thereof with a rectangular head portion 1a for facilitating the mounting into the camera body, 

also with two electrodes 7, 8 at the end of an insert portion 1b, and with a charging receptacle 9 on a side wall thereof. 
Such secondary battery pack 1 is loaded in a lateral direction into a chamber 6 of the camera as shown in Figs. 1 

and 2, whereupon the electrodes 7, 8 contact unrepresented electrodes correspondingly provided in the camera, and 

various parts thereof are powered by the batteries in the secondary battery pack 1 . 
45 When the secondary batteries in said pack 1 are exhausted, the user can recharge said batteries by extracting the 

pack 1 in lateral direction from the chamber 6 by holding the head portion 1a and inserting a charging plug 10 of a 

charger 3 into the charging receptacle 9. An AC plug 1 1 connected to the charger can be inserted into a receptacle of 

a commercial power line. 

Such secondary battery pack 1 is equipped with a circuit (not shown) for calculating the remaining capacity of the 
so nickel-cadmium batteries therein and a display unit 12 for indicating the remaining capacity of said batteries, deter- 
mined by said circuit. In such nickel-cadmium battery, the remaining capacity can be displayed by integrating the dimen- 
sion of charging current of the charger 3 and the dimension of discharging current used for powering the internal 
mechanisms of the camera body. Such remaining capacity display unit 2 is usually composed of a liquid crystal display 
device including plural segments of so-called bar graph shape and is adapted to indicate the remaining capacity by the 
55 length of a bar, based on the result obtained by the remaining capacity detecting circuit. Said display unit 12 may also 
be composed of a light-emitting diode array, which can be activated by a button actuation. Such display unit 1 2 can most 
simply be provided, for example on the end face of the rectangular head portion 1a of the battery pack 1 , as shown in 
Figs. 1 and 2. 

However, in such structure, the display unit 12 may not be readily recognizable while the camera is in use, since 
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said unit is positioned at the side of the camera. 

Therefore, in an embodiment of the present invention, the remaining capacity display unit is provided in a position 
observable from the back side of the camera, when the battery pack is loaded in the camera. Thus, according to one 
aspect of the present invention, there is provided a battery pack to be detachably mounted to a camera body, compris- 

5 ing: 

a reusable secondary battery; 

means for calculating the amount of charging and discharging of the battery; and 

display means for indicating the remaining capacity of the secondary battery based on the result of said calculation, 
10 wherein the display of said display means is observable from the rear side of the camera body when the battery 
pack is mounted on the camera body. 

Also in case the display of the remaining capacity on said secondary battery pack 1 is conducted by a check button 
provided thereon, the checking operation may be hindered when the pack is mounted on the camera body, depending 

15 on the position of said button on the pack, though such difficulty will not arise when the pack is separated from the cam- 
era body. Such button depressing operation is inconvenient in case battery checking is desired urgently in the course 
of a phototaking operation or in the course of battery charging. 

In order to avoid such drawbacks, in a preferred variation of the above-mentioned battery pack, there are added 
first control means for manually controlling the function of the display means, and second control means for controlling 

20 the function of the display means in relation to the connection of the battery pack to the camera or to the charger. Such 
battery pack does not display the remaining capacity when left alone, though the battery checking operation is possible 
in such state, and the pack always displays the remaining capacity when connected to the camera or to the charger. 

In designing a camera utilizing such secondary battery pack, it is also necessary to consider the use or non-reus- 
able primary batteries (for example UM-3 batteries) in the form of a battery pack, and, for this reason, there is conceived 

25 to incorporate an aforementioned battery check circuit for the primary battery in the camera body. The selection of such 
pack for the primary batteries and that for the secondary batteries is made in consideration of the balance of frequency 
of use of batteries and of cost acceptable in the camera. In fact, the battery checking circuit and the display unit for such 
primary battery pack can, in a necessary minimum structure, be best incorporated in the camera body. In such config- 
uration, however, in case of using a secondary battery pack equipped with a remaining capacity display circuit there 

30 will coexist said remaining capacity display circuit and the battery check circuit for the primary battery provided in the 
camera body, and there may result a drawback that the user may misjudge the remaining capacity by activating said 
battery check circuit of the camera body for the primary battery while using a secondary battery pack 

In consideration of the foregoing, according to another aspect of the present invention, there is provided a camera 
body to which first battery means, including a reusable secondary battery, calculation means for calculating the amount 

35 of charge and discharge of said secondary battery and display means for indicating the remaining capacity of said sec- 
ondary battery based on the result of said calculation, and second battery means including a non-reusable primary bat- 
tery are selectively mountable, said camera body comprising: 

second display means adapted to the second battery means and capable of checking and displaying the remaining 
40 capacity of the primary battery; 

detection means for detecting that the first battery means is mounted on the camera body; and 
control means for controlling the second display means according to the output of said detection means. 

In the basic mode of use of this camera body and battery packs in which the primary battery pack is mounted, the 
45 battery check is conducted by the battery checking circuit incorporated in the camera body, but, in case of the second- 
ary battery pack capable of displaying the remaining capacity, the circuit in the camera body is disabled and the remain- 
ing capacity is displayed on said pack. 

The secondary battery, such as nickel-cadmium battery, employed in the above-mentioned secondary battery 
pack, is repeatedly usable by recharging, but becomes unusable after charge-discharge cycles of several hundred 
so times. Consequently the liquid crystal display unit 14, provided on the secondary battery pack 1, increases the cost 
thereof, thus leading to an unnecessarily increased burden to the user. 

Therefore, in another embodiment of the present invention, the display means is provided in the camera body. More 
specifically, according to another aspect of the present invention, there is provided a battery system of a camera body 
comprising: 

55 

a camera body; and 

a battery pack to be detachably mounted to the camera body, wherein: 
said battery pack includes: 
a reusable secondary battery; 
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calculation means for calculating the amount of charge and discharge of the secondary battery; and 
output means for releasing a signal indicating the remaining capacity of the secondary battery, based on the result 
of said calculation; and 
said camera body includes: 
5 means for receiving the signal, indicating the remaining capacity, from the output means; and 

means for displaying the remaining capacity of the battery, based on the signal indicating the remaining capacity. 

Also in the camera system of the embodiment immediately preceding the last one, in the selective use of the pri- 
mary battery and the secondary battery pack, it will be convenient in simplifying the configuration and in preventing the 
10 misjudgment of the user if the result of battery check of the primary battery and the remaining capacity of the secondary 
battery can be indicated by same display means. Therefore, in a preferred variation of said embodiment, there is pro- 
vided a battery system of a camera comprising: 

a camera body; 

is first battery means including a reusable secondary battery, calculation means for calculating the amount of charge 
and discharge of said secondary battery, and output means for generating a signal indicating the remaining capac- 
ity of the secondary battery, based on the result of said calculation; and 
second battery means including a non-reusable primary battery; 

the first battery means and the second battery means being selectively mountable to the camera body, 
20 the camera body including: 

means for identifying the mounted battery means; 

check means for checking the remaining capacity of the primary battery of the second battery means and generat- 
ing a signal indicating said remaining capacity; 

means for receiving the signal, indicating the remaining capacity of the secondary battery, from the output means; 
25 and 

display means for displaying the remaining capacity of the primary or secondary battery; 
wherein said display means is adapted, when the first battery means is mounted on the camera body, to display the 
remaining capacity of the secondary battery based on the signal indicating said remaining capacity, and, when the 
second battery means is mounted on the camera body, to display the remaining capacity of the primary battery 
30 based on the signal indicating said remaining capacity. 

In the following there will be given a brief explanation, with reference to Fig. 3, on an example of the electric circuit 
composed of a secondary battery pack 1 , a camera body 2 on which said pack is mounted, and a charger 3. The left- 
hand portion in the drawing shows the internal circuits of the charger 3, in which AC power supplied from an AC plug 

35 1 1 is supplied to a rectification circuit 21 , and DC charging current therefrom is supplied to the secondary battery pack 
1 through a charging terminal 22 (CHG) and a ground terminal 23 (GNO), formed in the charging plug 1 0 and the recep- 
tacle 9 (see Fig. 1). Said rectification circuit 21 can be so constructed as to merely provide the secondary battery 20 
with an appropriate current or may include a known charging circuit for automatically terminating the charging current 
by monitoring the terminal voltage. 

40 The central part in Fig. 3 shows the internal circuits of the secondary battery pack 1 . The current supplied from the 
charger 3 through said terminals 22, 23 charges a secondary battery (nickel-cadmium battery) 20, through a diode 24 
and a resistor 25. The diode 24 is provided for protecting the secondary battery 20 from damage, in case a voltage dif- 
ferent in polarity from that of the charger 3 is erroneously applied to the terminals 22, 23. The current from said second- 
ary battery 20 is supplied to the internal circuits of the camera body 2, through a discharge terminal (DIS) 26 and a 

45 ground terminal (GND) 27, which correspond to the aforementioned electrodes 7, 8 formed on the insert end of the 
pack 1. 

The aforementioned resistor 25 is provided for converting the current between the terminals 22, 23 into a voltage, 
thus converting the current in a direction Ic or Id respectively in charging or discharging state, into a voltage for supply 
to a current detection circuit 28, which detects the direction and amount of thus generated current and sends the results 
so of said detection to the aforementioned calculation circuit 29. 

Also receiving the output of a timer circuit 30, said calculation circuit 29 determines the dimension of current of the 
secondary battery 20 at each time, based on the above-mentioned charging or discharging current. 

More specifically, in the charging state, the amount of charging of the secondary battery 20 is determined by the 
product of the charging current and the charging time, while, in the discharging state, the amount of discharge is deter- 
55 mined by the product of the discharge current and the discharge time, and the remaining capacity of the secondary bat- 
tery 20 is determined from the difference of the two. The remaining capacity thus determined is displayed, through a 
display circuit 31 , on a display unit 12, whereby the photographer can recognize the remaining capacity of the second- 
ary battery 20 in the pack 1 . 

The right-hand portion in Fig. 3 shows a part of the internal circuits of the camera body 2, wherein the power sup- 
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plied from the secondary battery 20 through the discharge terminals 26, 27 is given to loads 35 such as motors and 
resistors through a power switch 36. Thus, the power supply from the secondary battery 20 to said loads 35 is con- 
ducted only when the power switch 36 is closed. 

However, the above-explained battery system consisting of a secondary battery pack 1 including for example a 
5 nickel-cadmium battery, a camera body 2 to which said pack is mountable, and a charger 3 for said pack, has been 
associated with following drawbacks in the practical use. 

Most of the recent cameras incorporating electronic circuits do not function at all if the battery has no remaining 
capacity. The secondary battery pack 1 needs to be charged when the remaining capacity runs out, and the camera 
cannot be used during such charging, which usually requires several tens of minutes to several hours. It is therefore 
10 customary to prepare plural secondary battery packs and to charge one while another is used. 

Also in the outdoor use where the AC power supply is not available, it is mandatory to prepare, pre-charged plural 
packs as the charger cannot be used. 

However, in case of using plural secondary battery packs 1 for each camera as mentioned above, the presence of 
the resistor 25, current detection circuit 28, timer circuit 30, calculation circuit 29 and display circuit 31 including the dis- 
75 play member for the display unit 1 2 in each secondary battery pack 1 is undesirable in terms of the cost of said pack 1 
and also in terms of the space of the entire system. 

For avoiding such drawback, it is conceivable to incorporate all of said resistor 25, current detection circuit 28, timer 
circuit 30, calculation circuit 29 and display circuit 31 into the camera body 2, but such configuration results in other 
drawbacks explained in the following: 

20 

(1) The system functions satisfactorily while the secondary battery pack 1 is charged and discharged in the camera 
body 2, but one of the drawbacks arises once said pack is detached from the camera body 2. Once the battery pack 
1 is detached, the power supply to the camera body 2 is terminated, so that the information on the remaining capac- 
ity of the secondary battery pack 1 , stored for example in the calculation circuit 29, is lost. 

25 Naturally such drawback may be prevented by providing the camera body with a back-up power source for 

maintaining the power supply to the calculation circuit 29 or with a non-volatile memory such as an EEPROM (elec- 
trically erasable programmable read-only memory) thereby retaining the information on the remaining capacity, but 
such configuration results in another drawback explained in the following: 

(2) Said drawback arises when a secondary battery pack (hereinafter called pack A) is detached from the camera 
30 body and another pack (called pack B) is mounted thereto. 

The above-mentioned solution, relying on a back-up power source or a non-volatile memory, allows to retain, in the 
calculation circuit or the non-volatile memory in the camera body 2, the information on the remaining capacity of the 
pack A at the point when said pack A is detached from the camera body 2. 
35 However, such information on the remaining capacity stored in the camera becomes entirely meaningless when 
another pack B is mounted on the camera body 2, since said information retained in the camera body is only related to 
the pack A. 

Consequently, the calculation circuit in the camera body 2 is unable to know the remaining capacity of the pack B 
when it is mounted on the camera body, so that the calculation of the remaining capacity thereafter becomes impossible 
ao or totally meaningless. 

Therefore, in constructing a secondary battery pack system consisting of a secondary battery pack 1 , a camera 
body 2 on which said pack is mountable and a charger 3 for said pack, it is necessary to take the above-mentioned 
points into consideration and is desired to incorporate certain measures for avoiding the above-mentioned drawbacks 
in the structure of the entire system, and in the cost and space thereof. 
45 In consideration of the foregoing, according to another aspect of the present invention, there is provided a battery 
system of a camera comprising: 

a camera body; and 

a battery pack detachably mountable to the camera body and including a reusable secondary battery and infroma- 
50 tion memory means; 

the camera body including: 

communication means for communicating with said information memory means; 
calculation means for calculating the amount of charge and discharge of said secondary battery; and 
display means for displaying the remaining capacity of the secondary battery, based on the result of said calcula- 
55 tion; 

wherein, when the battery pack is mounted on the camera body, the information stored in said information memory 
means and indicating the remaining capacity of the secondary battery is transmitted through said communication 
means to said calculation means, and the information indicating the remaining capacity of the secondary battery, 
obtained in said calculation means, is transmitted through said communication means to said information memory 
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means. 

In said battery system, the circuitry for detecting the remaining capacity of the secondary battery pack is provided 
in the camera body and in the charger, while the secondary battery pack is equipped with information memory means 
s in a necessary minimum configuration, whereby the remaining capacity of the secondary battery pack can be ade- 
quately and securely confirmed. Besides, since each battery pack only requires the information memory means, the 
system avoids the drawbacks in the cost and space of said pack, and provides improved convenience in the use of plu- 
ral secondary battery packs. 

Fig. 4 shows the structure of the current detection circuit 28, timer circuit 30, display circuit 31(12) and calculation 
10 circuit 29 mentioned above. The current detection circuit 28 in Fig. 3 is composed of a differential amplifier 40. The cal- 
culation circuit 29 in Fig. 3 is composed of an A/D conversion circuit 41 and a microcomputer 42, and the timer circuit 
30 in Fig. 3 is incorporated as a timer (not shown) in the microcomputer 42. The display circuit 31 is same as that shown 
in Fig. 3. 

In this structure, the differential amplifier 40 converts the voltage across the resistor 25, shown in Fig. 3, into a volt- 
15 age referenced to the ground level. The output of said differential amplifier 40 is supplied to an input terminal of the A/D 
converter 41 , of which output is supplied to an input port of the microcomputer 42. Between said A/D converter 41 and 
the microcomputer 42, there are provided several unrepresented signal lines for command transmission. Said micro- 
computer 42 displays the remaining capacity of said secondary battery 20, utilizing the display circuit 31 . 

Fig. 5 is a flow chart, showing the calculation sequence of the remaining capacity of the secondary battery 20. by 
20 the microcomputer 42 shown in Fig. 4. 

At first a step S101 reads the initial value of the remaining capacity from an unrepresented internal memory, and a 
step 102 sends an A/D conversion start command to the A/D converter 41 through an unrepresented command trans- 
mission line. A step 103 discriminates whether the A/D converter 41 has completed the A/D conversion, by monitoring 
an unrepresented command transmission line, and this step is repeated until the completion of the A/D conversion. 
25 Then a step 104 transfers the A/D converted value, obtained in the A/D converter 41, to the microcomputer 42, and a 
step 105 calculates the current remaining capacity of the secondary battery 20 by subtracting a product (dimension of 
current) of said A/D converted value and a time obtained from an unrepresented internal timer from the aforementioned 
initial value. A step 106 stores thus obtained remaining capacity in an unrepresented internal memory, and a step 107 
displays said remaining capacity on the display circuit 31 constituting the aforementioned display unit 12. Thereafter the 
30 steps 101-107 are repeated. 

However, the above-explained calculation and display of the remaining capacity of the secondary battery mounted 
on the camera body are still associated, in the practical use, with the following drawbacks. 

The calculation circuit 29 has a period in which the signal obtained by conversion of the charge-discharge current 
of the secondary battery 20 with the resistor 25 and current detection circuit 28 (hereinafter called charge/discharge 
35 converted signal) is actually fetched (hereinafter called signal intake time Tin) and a period in which said signal is not 
fetched (hereinafter called signal non-intake time Tno). For this reason the calculation circuit 29 is incapable of contin- 
uously fetching the charge-discharge current, thus being unable to calculate exact dimension of current and remaining 
capacity, so that an error in the calculated remaining capacity is unavoidable. Such error is particularly marked in case 
the charge-discharge current varies significantly in time. 
40 An incorrect calculation of remaining capacity, resulting from such error, may lead to a situation in which the remain- 
ing capacity is very low and is incapable of driving the loads 35 through the display circuit 31 provides a display "the 
secondary battery 20 still has a sufficiently high remaining capacity", or a situation in which the display circuit indicates 
zero capacity while the remaining capacity of the battery 20 is still high. 
These drawbacks are based on the following reasons. 
45 The A/D converting circuit 41 shown in Fig. 4 can be composed, for example, of double integral type A/D converter 
or successive approximation type A/D converter both of which are already well known. 

Such A/D converting circuit 41 , regardless of the type thereof, is basically unable to fetch the signal applied to the 
input terminal. For example, in the double integral type A/D converter, there exist a signal integration time T1 in which 
the signal supplied to the input terminal is fetched and integrated, and a reference integration time T2 during which the 
so signal supplied to the input terminal is not fetched. 

Also there are required periods for the transmission of the A/D converted value from the A/D converting circuit 41 
to the microcomputer 42, and for the predetermined processings in said microcomputer 42. 

More specifically, as shown in Fig. 5, there are required a time T4 for the transfer of the A/D converted value from 
the A/D converter 41 to the microcomputer 42 (step 104), a time T5 for the calculation of remaining capacity by the 
55 microcomputer 42 (step 1 05), a time T6 for the data storage in the memory by the microcomputer (step 1 06). a time T7 
required for the microcomputer 42 to cause the display circuit 31 to display said remaining capacity (step 107), and a 
time T3 for reading of the initial value from the memory to the microcomputer 42 (step 101). 

Thus, if the microcomputer 42 is not effecting may parallel processing, the sampling cycle Tc of the A/D converting 
circuit 41 is represented by {T1 + T2 + T3 + T4 + T5 + T6 + T7}, in which the signal supplied to the input terminal of the 
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A/D converting circuit 41 is actually fetched only in the period T1 but disregarded in other periods. 
Thus: 

signal intake period Tin = T1 ; 

5 

signal non-intake period Tno = Tc - T1 = T2 + T3 + T4 + T5 + T6 + T7. 

Although the foregoing explanation is limited to the double integration type A/D converter, the signal intake time Tin 
and signal non-intake also exist in the successive-approximation type A/D converter. 

10 In the circuit shown in Figs. 3 and 4, such successive approximation type A/D converter 41 fetches the charge-dis- 
charge converted signal during the signal intake time Tin but does not fetch it during the non-intake time Tno. The fact 
that a part of the signal is not fetched and disregarded is not a major problem in case the charge-discharge current is 
almost constant, but may constitute a significant difficulty in case said current varies considerably in time. 

Figs. 6A to 6C show, as an example of a substantially constant charge-discharge current, a case in which a resistor 

15 constitutes the load 35 for the secondary battery 20 shown in Figs. 3 and 4. Also Figs. 7A to 7C and Figs. 8A to 8C 
show, as examples of a charge-discharge current significantly varying in time, a case in which a motor constitutes said 
load 35. 

Fig. 6A shows the wave form of the charge-discharge converted signal, from the closing to the opening of the power 
switch 36 in case the load 35 consists of a resistor. Said signal is naturally proportional to the charge-discharge current. 

20 The dimension of current is represented by the product of the charge-discharge current and the time (or the charge- 
discharge current integrated in time), and corresponds to the area surrounded by said wave form mentioned above. 

Fig. 6B shows the wave form actually fetched (hereinafter called sampling signal wave form) by the A/D converter 
41 in Fig. 4 from said charge-discharge converted signal. Among each cycle time Tc, the charge-discharge converted 
signal is fetched only in the period Tin. Said sampling signal wave form is transmitted from the A/D converter 41 to the 

25 microcomputer 42. Though said sampling signal wave form is in fact digital signals, it is shown in analog form for the 
purpose of comparison with other wave forms. 

Fig. 6C shows said sampling signalwave form, after a first-order interpolation by the microcomputer 42 (hereinafter 
called interpolated signal form) . The area of said signal form corresponds to the calculated dimension of current. 
Comparison of Figs. 6A and 6C indicates that the interpolated signal wave form is approximately equal to the 

30 charge-discharge converted signal wave form. Therefore the remaining capacity can be calculated correctly. 

Fig. 7A shows the wave form of the charge-discharge converted signal from the closing to the opening of the power 
switch 36, in case a motor constitutes the load 35 shown in Figs. 3 and 4. As already well known, a motor under a 
mechanical load shows a large surge current at the start of rotation, but consumes only a small stationary current (usu- 
ally less than 1/10 of said surge current) in the constant rotation state, as shown in this chart. 

35 Fig. 7B shows a first example of the charge-discharge converted signal actually fetched by the A/D converter 41 
shown in Fig. 4 (hereinafter called first sampling signal wave form). In this example, a period Tin coincides with the 
period of said surge current. Within each cycle time Tc, said charge-discharge converted signal is fetched only in the 
period Tin. Said first sampling signal wave form (though in digital form in practice as explained before) is transmitted 
from the A/D converter 41 to the microcomputer 42. 

40 Fig. 7C shows the first sampling signal wave form, after a first-order interpolation by the microcomputer 42 (here- 
inafter called first interpolated signal form), and the area of said signal corresponds to the calculated dimension of cur- 
rent. 

Fig. 8A is same as Fig. 7A. Fig. 8B shows a second example of the charge-discharge converted signal actually 
fetched by the A/D converter 41 (hereinafter called second sampling signal wave form). The timing of signal fetching is 
45 slightly different from the foregoing first example, so that the period Tin does not coincide with the period of surge cur- 
rent. As explained before, within each cycle time Tc, the charge-discharge converted signal is fetched only in the period 
Tin. Said second sampling signal wave form (though in digital form in practice as explained before) is transmitted from 
the A/D converter 41 to the microcomputer 42. 

Fig. 8C shows said second sampling signal wave form, after a first-order interpolation by the microcomputer 42 
so (hereinafter called second interpolated signal wave form), and the area of said signal form corresponds to the dimen- 
sion of current. 

In these charts, the wave forms shown in Figs. 7A and 7C are approximately same, so that the remaining capacity 
can be calculated in approximately correct manner. On the other hand, those in Figs. 8A and 8C are completely differ- 
ent, without proper fetching of the charge-discharge converted signal corresponding to the surge current. Consequently 
55 the calculation of remaining capacity cannot be conducted correctly and involves a significant error. 

Naturally such problem does not arise if the sampling cycle time Tc is sufficiently shorter than the duration of surge 
current. However, in practice, reduction in Tc is limited because the A/D conversion of the A/D converter 41 and the 
processing of the microcomputer 42 require certain time. 

The calculational error in the remaining capacity will be limted if the duration of the surge current is comparable to 
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or longer than the sampling cycle time Tc and if the dimension of surge current is sufficiently smaller than the dimension 
of current during stationary rotation state. However, these conditions are not met in an automatic winding camera, 
because the rotating time of motor is relatively short, and the dimension of surge current represents a relatively large 
proportion in the entire dimension of current. 
5 Also such camera often contains 3 to 4 motors, and such fact may increase the calculational error of the remaining 
capacity. 

In the foregoing there has been explained an increased calculational error for the remaining capacity in case the 
load consists of a motor, but a similar error will result also in case of a capacitative load. Also even a resistance load 
will involve a large calculational error if it is turned on and off within a short time in comparison with the sampling period 
w Ts. It is therefore desired, in a camera utilizing such secondary battery pack and incorporating loads therefor, to provide 
certain measures for enabling to correctly evaluate the remaining capacity regardless of the difference specifications 
and other conditions. 

In consideration of the foregoing, according to another aspect of the present invention, there is provided a camera 
system comprising: 

15 

a camera body; and 

a battery packdetachably mountable to the camera and including a reusable secondary battery, measuring means 
for measuring the amount of charge and discharge of said secondary battery, calculation means for calculating the 
remaining capacity of the secondary battery, based on the result of measurement by said measuring means, and 
20 display means for displaying the remaining capacity of said secondary battery; 
the camera body including: 

load means consuming the current supplied from said secondary battery; 
control means for effecting on-off control of said load means; and 

signal generating means for generating a timing signal indicating the control timing of said control means; 
25 wherein the function timing of said measuring means and said calculation means is controlled according to said 
timing signal. 

In said battery pack, the means for calculating the remaining capacity of the secondary battery controls, by a load 
control timing signal from the signal generating means, the start timing of detection of the charge-discharge amount 
30 detecting means or the start timing of calculation of the charge-discharge amount calculating means, or the duration of 
detection of said detecting means, thereby controlling the timing of fetching, detection and processing of the charge- 
discharge converted signal. The control by said timing signal can be realized in following two methods: 

(1) Fetch start timing control method 

35 

In this method, the start timing of fetching of the charge-discharge converted signal is controlled by the load control 
timing signal. 

It is assumed that said timing signal is active in the low level state. The fetching of said converted signal is started 
at the shift of the load control timing signal from the high to low level state, and is terminated after the lapse of a normal 
40 signal intake time Tin. The next signal intake time T in is started after the lapse of a normal signal non-intake time T^, 
during which signal processing etc. is conducted. 

Thus the signal intake time T in , signal non-intake time Tno, and sampling cycle time Tc are same as those in the 
conventional method, while the start timing of signal fetching alone is controlled by said load control timing signal. 

45 (2) Fetch duration control method 

In this method, the start and end timings of fetching of the charge-discharge converted signal are controlled by the 
load control timing signal. 

The fetching of the charge-discharge converted signal is initiated at the shift of the load control timing signal from 
so the high to low level state, and is continued during the low level state of said timing signal. Thus, said converted signal 
continues to be integrated during the low level state of said timing signal. The duration of said low level state constitutes 
the signal integrating period in the aforementioned double-integration A/D converter, or also in the successive-compar- 
ison A/D converter if an input capacitor is provided. 

Said fetching is terminated at the shift of the load control timing signal from the low to high level state, whereupon 
55 a normal signal non-intake time T no is started. 

Therefore, the signal non-intake time Tno is same as in the conventional method, but the signal intake time Tin is 
variable and corresponds to the low level state of the load control timing signal. Consequently, the sampling cycle time 
Tc is also determined by the low level state of said timing signal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic exploded perspective view of a camera utilizing a secondary battery pack; 
Fig. 2 is a schematic perspective view of the secondary battery pack shown in Fig. 1 , in a state mounted to the cam- 
5 era; 

Fig. 3 is a block diagram of the secondary battery pack shown in Fig. 1 and the camera to which said pack is mount- 
able; 

Fig. 4 is a block diagram of a current detection circuit, a timer circuit, a display circuit and a calculation circuit in a 
secondary battery pack, equipped with remaining capacity display means, for use in the camera shown in Fig. 3; 
10 Fig. 5 is a flow chart of a sequence for calculating the remaining capacity of the secondary battery, to be executed 
by the microcomputer shown in Fig. 4; 

Figs. 6A to 6C are charts showing the charge-discharge converted signal, sampling signal wave form and interpo- 
lated signal wave form in case a resistor constitutes the load; 

Figs. 7A to 7C are similar charts showing an example of charge-discharge converted signal, sampling signal wave 
is form and interpolated signal wave form in case a motor constitutes the load; 

Figs. 8A to 8C are similar charts showing another example, in case a motor constitutes the load; 

Figs. 9 and 10 are respectively a schematic exploded perspective view and a schematic perspective view, with a 

mounted secondary battery pack, of an embodiment of the battery system of the present invention, for use in a 

camera; 

20 Fig. 1 1 is a block diagram of the battery system shown in Figs. 9 and 10; 

Figs. 12 and 13 are respectively a schematic exploded perspective view and a schematic perspective view in 

mounted state of a variation of the battery system shown in Figs. 9 to 1 1 ; 

Fig. 14 is a schematic exploded perspective view of a second embodiment of the present invention; 

Fig. 15 is a block diagram of a secondary battery pack employed in the system shown in Fig. 14; 
25 Fig. 1 6 is a schematic exploded perspective view of a 3rd embodiment of the present invention; 

Fig. 1 7 is a circuit diagram of a primary battery pack and a battery checking circuit in the camera body; 

Figs. 18 and 19 are respectively a schematic exploded perspective view and a schematic perspective view, with a 

mounted secondary battery pack, of a 4th embodiment of the battery system of the present invention for use in a 

camera; 

30 Fig. 20 is a block diagram of the battery system shown in Figs. 18 and 19; 

Fig. 21 is a schematic exploded perspective view of a 5th embodiment of the present invention; 

Figs. 22 and 23 are circuit diagrams showing the circuit structure respectively in the use of a secondary battery 

pack and a primary battery pack; 

Fig. 24 is a schematic exploded perspective view of a 6th embodiment of the battery system of the present inven- 
35 tion, for use in a camera; 

Fig. 25 is a block diagram of the embodiment shown in Fig. 24; 

Fig. 26 is a block diagram of a 7th embodiment of the battery system, for use in a camera, of the present invention; 
Fig. 27 is a schematic exploded perspective view of an 8th embodiment of the battery system, for use in a camera, 
of the present invention; 
40 Fig. 28 is a block diagram of the embodiment shown in Fig. 27; 

Fig. 29 is a schematic exploded perspective view of a 9th embodiment of the battery system, for use in a camera, 
of the present invention; 

Fig. 30 is a magnified partial cross-sectional view of the embodiment shown in Fig. 29; 
Fig. 31 is a block diagram of the embodiment shown in Fig. 29; 
45 Fig. 32 is a schematic exploded perspective view of a 1 0th embodiment of the battery system, for use in a camera, 
of the present invention; 

Fig. 33 is a block diagram showing the circuit structure between a charger and a secondary battery pack in the 
embodiment shown in Fig. 32; 

Fig. 34 is a block diagram showing the circuit structure between the secondary battery pack and the camera body 
so in the embodiment shown in Fig. 32; 

Fig. 35 is a schematic exploded perspective view of an 1 1 th embodiment of the battery system, for use in a camera, 
of the present invention; 

Fig. 36 is a block diagram showing the circuit structure between a charger and a secondary battery pack in the 
embodiment shown in Fig. 35; 

55 Fig. 37 is a block diagram showing the circuit structure between the secondary battery pack and the camera body 
in the embodiment shown in Fig. 35; 

Fig. 38 is a schematic exploded perspective view of 12th to 15th embodiments of the battery system, for use in a 
camera, of the present invention; 

Fig. 39 is a schematic perspective view, showing a mounted state of the battery system shown in Fig. 38; 
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Fig. 40 is a block diagram of the battery system shown in Fig. 38; 

Fig. 41 is a wave form chart showing the timing of control sequence and the charge-discharge converted signal 
(discharge current form of the secondary battery) in the 12th to 15th embodiments of the battery system of the 
present invention; 

5 Fig. 42 is a circuit diagram of a load control timing signal generating circuit of the 12th embodiment of the present 
invention; 

Figs. 43 and 44 are wave form charts schematically showing examples of the charge-discharge converted signal 
(discharge current of secondary battery), load control timing signal in the 12th embodiment and charge-discharge 
converted signal after fetched in the calculation circuit; 
10 Fig. 45 is a circuit diagram of a load control timing signal generating circuit of the 13th embodiment of the present 
invention; 

Fig. 46 is a wave form chart schematically showing the charge-discharge converted signal (discharge current of 
secondary battery), load control timing signal in the 13th embodiment and charge-discharge converted signal after 
fetched in the calculation circuit; 
is Fig. 47 is a circuit diagram of a load control timing signal generating circuit of the 14th embodiment; 

Fig. 46 is a wave form chart schematically showing the charge-discharge converted signal (discharge current of 
secondary battery), load control timing signal in the 14th embodiment and charge-discharge converted signal after 
fetched in the calculation circuit; 

Fig. 49 is a circuit diagram of a load control timing signal generating circuit in the 15th embodiment; and 
20 Fig. 50 is a wave form chart schematically showing the charge-discharge converted signal (discharge current of 
secondary battery), load control timing signal in the 1 5th embodiment and charge-discharge converted signal after 
fetched in the calculation circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

Now the present invention will be clarified in detail by preferred embodiments thereof shown in the attached draw- 
ings. 

[1st embodiment] 

30 

Figs. 9 to 1 1 illustrate an embodiment of the battery system, for use in a camera, of the present invention, wherein 
components same as or equivalent to those in Figs. 1 and 2 are represented by same numbers and will not be 
explained further. 

In the present embodiment, a battery pack 1 , to be detachably mounted in a chamber 6 of a camera body 2, is pro- 
35 vided, as shown in Fig. 1 1 , with a reusable secondary (nickel-cadmium) battery 130, means (calculation circuit) 131 for 
calculating the amount of charge and discharge of said battery 130, and means for displaying the remaining capacity 
of the secondary battery 1 30 (display circuit 1 32 including the aforementioned display unit 1 20. and is featured by a fact 
that the display unit 1 2 is provided in a position easily recognizable from the rear side of the camera even when the cam- 
era is held in a phototaking position, in the mounted state to said camera body, as shown in Figs. 9 and 10. 
40 In the present embodiment a substantially rectangular notch 1 20 is provided on the rear face of the camera body 
adjacent to said chamber 6 thereof, and the battery pack 1 is also provided, on a lateral face thereof facing the rear side, 
with a protruding portion 121 which engages with said notch 120 and is exposed on the rear face of the camera body. 
The display unit 12 for displaying the remaining capacity for example by a liquid crystal display is provided on said pro- 
truding portion 121. 

45 In such configuration, the remaining capacity of the secondary battery pack 1 can be displayed in easily recogniz- 
able manner, on the display unit 12 positioned on the rear face of the camera body 2. 

In the present embodiment, the display of remaining capacity by the display unit 12 on the pack 1 is enabled by the 
formation of a notch 120 on the rear face of the camera body 2, but such display can also be realized, in a variation 
shown in Figs. 12 and 13, by forming a transparent window 122, composed of a transparent plastic plate integrally 

so incorporated in the rear face of the camera body 2, thereby enabling to observe the display unit 12, formed on a corre- 
sponding position of the pack 1, through said window. Such configuration not only allows to observe the display unit 12 
from the rear side of the camera body through said transparent window 122 but also provides an advantage of protect- 
ing the display unit 1 2, composed for example of a liquid crystal display, from external force by the presence of said win- 
dow. 

55 An electric circuit including said secondary battery pack 1 , a camera body 2 to which said pack 1 is mountable, and 
a charger 3 is shown in Fig. 1 1 . The left-hand portion shows the internal circuits of the charger 3, in which an AC power 
supplied from an AC plug 1 1 is supplied to a rectification circuit 133, and a DC charging current obtained therefrom is 
supplied to the secondary battery pack 1 through a charging terminal (CHG) 134 and a ground terminal (GND) 135, 
representing the charging plug 10 and receptacle 9 (see Fig. 1). Said rectification circuit 133 can be so constructed as 
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to merely provide the secondary battery 130 with an appropriate current or may include a known charging circuit for 
automatically terminating the charging current by monitoring the terminal voltage. 

The central part in Fig. 1 1 shows the internal circuits of the secondary battery pack 1 , constituting the essential part 
of the present invention. The current supplied from the charger 3 through said terminals 134, 135 charges the second- 

5 ary battery (nickel-cadmium battery) 130, through a diode 136 and a resistor 137. The diode 136 is provided for pro- 
tecting the secondary battery 130 from damage, in case a voltage different in polarity from that of the charger 3 is 
erroneously applied to the terminals 134, 135. The current from said secondary battery 130 is supplied to the internal 
circuits of the camera body 2, through a discharge terminal (DIS) 138 and a ground terminal (GND) 139, which corre- 
spond to the aforementioned electrodes 7, 8 formed on the inserted end of the pack 1 . 

w The aforementioned resistor 137 is provided for converting the current between the terminals 134, 135 into a volt- 
age, thus converting the current in a direction Ic or Id respectively in charging or discharging state, into a voltage for 
supply to a current detection circuit 140, which detects the direction and amount of thus generated current and sends 
the results of said detection to the aforementioned calculation circuit 131 . 

Also receiving the output of a timer circuit 141, said calculation circuit 131 determines the dimension of current of 

15 the secondary battery 130 at each time, based on the above-mentioned charging or discharging current. 

More specifically, in the charging state, the amount of charging of the secondary battery 130 is determined by the 
product of the charging current and the charging time, while, in the discharging state, the amount of discharge is deter- 
mined by the product of the discharge current and the discharge time, and the remaining capacity of the secondary bat- 
tery 130 is determined from the difference of the two. The remaining capacity thus determined is displayed, through a 

20 display circuit 1 32, on a display unit 12, whereby the photographer can recognize the remaining capacity of the second- 
ary battery 1 30 in the pack 1 . 

The right-hand portion in Fig. 1 1 shows the internal circuits of the camera body 2, wherein the power supplied from 
the secondary battery 130 through the discharge terminals 138, 139 is firstly given to a DC-DC converter 142 which is 
activated by an unrepresented power switch, thereby supplying a constant voltage for example to an exposure control 

25 circuit 143. Included in said circuit 143 is a cx)ntrol system for measuring the brightness of an object, controlling the 
functions of a shutter and a diaphragm according to the result of said measurement, and advancing the film. 

Although not shown in Fig. 1 1 , said calculation circuit 131 and display circuit 312 are naturally connected to a power 
supply system which is continuously powered. 

30 [2nd embodiment] 

Figs. 14 and 15 illustrate a 2nd embodiment of the present invention, in which the secondary battery pack 1 is pro- 
vided, in a part thereof, with a battery check button 150 for manually activating the display unit 12 for the remaining 
capacity, and does not indicate the remaining capacity by the display unit in case said check button is not depressed, 

35 for example when the pack is left alone. Such configuration allows to reduce the consumption of battery power by the 
current consumed in the display circuit 132 etc. when the battery checking is not required, and is particularly suitable 
when the display unit 12 is composed of light-emitting diodes. 

In the present embodiment, the remaining capacity of the battery can be confirmed by the depression of the check 
button 150 provided on the external surface of the pack 1, and the display unit 12 is activated during said depression. 

40 In the use of such secondary battery back 1 with control means such as the battery check button 1 50 for controlling 
the display of the remaining capacity, the present embodiment is featured by the presence of means for actuating said 
control means, in linkage with the connecting operation of the secondary battery pack 1 to the camera body 2 or the 
charger 3. 

More specifically, in the present embodiment, said check button 1 50 is provided protruding from a lateral wall of the 
45 inserted portion 1b of the pack 1 and is automatically depressed by an internal wall of the chamber 6 of the camera 
body 2 when said pack 1 is inserted thereinto, whereby the remaining capacity is continuously displayed when the pack 
1 is mounted to the camera. Also when the charger 3 is connected to the secondary battery pack 1 by inserting the 
charging plug 1 0 into the receptacle 9, said connected state is sensed by a circuit in the pack 1 whereupon the display 
circuit 132 is activated to display the remaining capacity. 
so The internal circuits of the secondary battery pack 1 , for achieving the above-mentioned functions, is illustrated in 
Fig. 15. In said circuits, the calculation circuit 131 is constantly powered because the calculation of dimension of current 
is always necessary, but the power supply circuit for the display circuit 132 is provided, at the ground side thereof, with 
a contact 151 which is on-off controlled by said battery check button 150, whereby said display circuit 132 is powered 
only when said check button 150 is depressed manually or by mounting to the camera, thus displaying the remaining 
55 capacity obtained from said calculation circuit 131 . 

Also the power supplied from the charging terminal (CHG) 134 is supplied to a transistor 152, which can connect 
the display circuit 132 to the ground in parallel with said contact 151 . In such configuration, when the charger 3 is con- 
nected to the charging receptacle 9. the charging current charges the battery 130 and also turns on the transistor 152, 
thereby activating the display circuit 132 to display the remaining capacity of the battery. 
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Consequently, when the secondary battery pack 1 is left alone, the remaining capacity is normally not displayed but 
can be confirmed by the depression of the battery check button 150 when required. Also the remaining capacity is 
always displayed when the camera or the charger 3 is used. 

In the present embodiment, the display by the display unit 12 is conducted, in the connection with the camera body 
5 2, by mechanical depression of the check button 1 50 by the internal wall of the chamber 6 when the secondary battery 
pack 1 is inserted thereinto, while, in the connection with the charger 3, by an electrical signal, but such mechanical and 
electrical controls may be inverted for respective connections, or either control may be employed for both connections, 
as long as the display of the remaining capacity is not conducted when the secondary battery pack 1 is left alone but 
continuously conducted when said pack 1 is connected to the camera body 2 or the charger 3. 

10 

[3rd embodiment] 

Figs. 16 and 1 7 illustrate a 3rd embodiment of the present invention, in which the camera body 2 can be selectively 
loaded with a secondary battery pack 1 including a reusable secondary battery 30 as mentioned above, or a primary 
15 battery pack 1 60 including a non-reusable primary battery 1 61 , such as an ordinary UM-3 battery or a lithium battery. 

As shown in Fig. 16, such camera is provided, for the primary battery pack 160, with a battery check button 162, 
an indicator lamp 163 composed for example of a light-emitting diode, and an internal battery check circuit for the pri- 
mary battery. Said internal circuit is activated by the depression of the check button 162, to light the indicator 163 con- 
tinuously in case the remaining capacity is sufficient, or intermittently in case said capacity is insufficient. 
20 Such battery check circuit provided in the camera body 2 is exclusively designed for the primary battery such as 
UM-3, and is incapable of proper evaluation of the secondary battery, as the chances of use of the secondary battery 
are limited in comparison with those of the primary battery 161 . 

The primary battery pack 160, to be loaded in the chamber 6 of the camera body 2, is provided, as shown in Fig. 
1 6, with a battery chamber 1 64 for detachably loading batteries 1 61 . Also on the inserted end of a case constituting said 
25 pack 160, there are provided discharge terminals 7, 8 similar to those in the aforementioned secondary battery pack 1, 
and a pack detecting electrode (DET) 165 for identifying the pack 

In the above-explained configuration, the battery check is conducted in the following manner when the pack 1 or 
160 is used in combination with the camera body 2. 

When the primary battery pack 160 is used, the battery check button 162 on the camera body 2 is depressed to 
30 activate the circuit for the primary battery incorporated in said camera body, whereby the indicator 163 is lighted con- 
tinuously or intermittently respectively if the remaining capacity of the battery is sufficient or insufficient. 

On the other hand, when the secondary battery pack 1 is mounted, the remaining capacity thereof can be con- 
firmed by the display unit 12 provided on said pack 1 . 

However, if the camera body is equipped with the checking means for the primary battery while the secondary bat- 
35 tery pack is equipped with exclusive checking means therefor, there may result a drawback that, in case the photogra- 
pher mistakes the mounted battery pack, he merely depresses the check button 162 of the camera body and obtains 
erroneous information on the remaining capacity by looking at the state of the indicator 163. 

For this reason, the present embodiment is featured by the presence, on the camera body 2 equipped with a battery 
check circuit 166 and an indicator 163 for checking and displaying the remaining capacity of the primary battery 161 in 
40 the pack 160, of means for detecting the mounting of the secondary battery pack 1 (in the present embodiment by the 
presence or absence of the electrode 65 on the battery pack), and means for controlling the display means (battery 
check circuit 166 and indicator 163) according to the output of said detection means. 

Referring to Fig. 1 7, a contact 1 67 controlled by said check button 162 connects the battery check circuit 166, con- 
nected with said indicator 163, to the ground when the mounted battery pack contains the primary battery and has said 
45 electrode 1 65, thereby activating the circuit in the camera body 2. 

In the absence of said electrode 165, the checking circuit 166 does not function despite of the depression of the 
check button 162, so that the indicator 163 is not lighted continuously nor intermittently. Consequently, in this configu- 
ration, in case the primary battery pack 160 is mounted as the basic mode of use, the remaining capacity can be 
checked with the battery check circuit 166 provided in the camera body 2. On the other hand, when the secondary bat- 
50 tery pack 1 capable of displaying the remaining capacity is mounted, the circuit 166 etc. in the camera body are disa- 
bled, and the remaining capacity is displayed by the circuits of the pack 1 . 

In the foregoing embodiment, the primary batteries are loaded in a primary battery pack, but they may be directly 
loaded in a loading portion of the camera body. In such case said primary battery may be formed same as said primary 
battery pack, or said loading portion may be formed same as the primary battery. 

55 

[4th embodiment] 

Figs. 18 to 20 illustrate another embodiment of the battery system, for use in a camera, of the present invention, 
wherein components same as or equivalent to those in Figs. 1 and 2 are represented by same numbers and will not be 
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explained further. 

The present embodiment is featured by a fact that a battery pack 1 , detachabty mountable in a chamber 6 of a cam- 
era body 2, is provided, as shown in Fig. 20, with a reusable secondary (nickel-cadmium) battery 220, means for cal- 
culating the amount of charge and discharge of said battery 220 (calculation circuit 221), and means for releasing the 
5 remaining capacity of the secondary battery 220 obtained by said calculation means (a signal transmission terminal 
222 shown in Figs. 18 and 20), and that the camera body 2 is provided with means for receiving the signal, indicating 
the remaining capacity, from said terminal 222 (said means being commonly represented as the terminal 222 in Fig. 
18), and means for displaying said remaining capacity, based on said signal (a display circuit 223 including a display 
unit 224). 

10 In the present embodiment, as shown in Fig. 18, the signal transmitting terminal 222 is exposed at the end of the 
inserted portion 1b, next to the electrodes 7, 8. Also as shown in Figs. 18 and 19, said display unit 224 is for example 
composed of a liquid crystal display device positioned on the rear face of the camera body 2, in easily recognizable 
manner even when the camera is held in the phototaking position. 

Such configuration provides the display of the remaining capacity of the secondary battery pack 1 in an easily rec- 

is ognizable manner on the display unit 224 provided on the rear face of the camera body 2, so that the photographer can 
promptly confirm the remaining capacity while holding the camera body in the phototaking position, and without missing 
the optimum timing of phototaking. 

An electric circuit including said secondary battery pack 1 and the camera body to which said pack 1 is mountable 
is shown in Fig. 20. The left-hand portion shows the internal circuit of the secondary battery pack 1 , and said circuit is 

20 provided with a charging terminal (CHG) 226 and a ground terminal (GND) 227, for receiving a charging current 
obtained from an AC current in an unrepresented charger through the charging plug 10 (see Fig. 1) and the receptacle 
9. Said charging current charges a secondary (nickel -cadmium) battery 220 through a diode 228 and a resistor 229. 
Said diode 228 is provided for protecting the secondary battery 220 from damage, in case a voltage different in polarity 
from that of the charger 3 is erroneously applied to the terminals 226, 227. The current from said secondary battery 220 

25 is supplied to the internal circuit of the camera body 2, through a discharge terminal (DIS) 7 and a ground terminal 
(GND) 8. Said resistor 229 is provided for converting the current between the terminals 226, 227 into a voltage, thus 
converting the current in a direction Ic or Id respectively in charging or discharging state, into a voltage for supply to a 
current detection circuit 230, which detects the direction and amount of thus generated current and sends the results of 
said detection to the aforementioned calculation circuit 221 . 

30 Also receiving the output of a timer circuit 231 , said calculation circuit 221 determines the dimension of current of 
the secondary battery 220 at each time, based on the above-mentioned charging or discharging current. 

More specifically, in the charging state, the amount of charging of the secondary battery 220 is determined by the 
product of the charging current and the charging time, while, in the discharging state, the amount of discharge is deter- 
mined by the product of the discharge current and the discharge time, and the remaining capacity of the secondary bat- 

35 tery 220 is determined from the difference of the two. The remaining capacity thus determined is transmitted, through 
the terminal 222, to the camera body 2. 

The right-hand portion in Fig. 20 shows the internal circuit of the camera body 2, wherein the power supplied from 
the secondary battery 220 through the terminals 7, 8 is firstly given to a DC-DC converter 232 which is activated by an 
unrepresented power switch, thereby supplying a constant voltage for example to an exposure control circuit 233. 

40 Included in said circuit 233 is a control system for measuring the brightness of an object, controlling the functions of a 
shutter and a diaphragm according to the result of said measurement, and advancing the film. 

Also in the present embodiment, the camera body 2 is equipped with a display circuit 223 for receiving the signal 
indicating the remaining capacity through said terminal 222 and a display unit 224 therefor, whereby the remaining 
capacity of the secondary battery 220 in the pack 1 as shown in Fig. 18 can be displayed on the camera body 2 when 

45 said pack 1 is mounted thereon as shown in Fig. 19. The signal transmitted from the terminal 222 is preferably a seg- 
ment drive signal capable of directly driving the display unit 224 consisting of a liquid crystal display unit. Also Fig. 20 
shows only one terminal 222, but there may be provided plural terminals if such segment drive signal requires plural 
terminals. Also there may be employed a clock signal terminal and a data terminal, involving the known signal process- 
ing, rf the calculation circuit 221 and the display cirucit 223 are connected by serial communication. 

50 

[5th embodiment] 

Figs. 21 to 23 illustrate a 5th embodiment of the present invention, in which the camera body 2 can be selectively 
loaded with a secondary battery pack 1 including a reusable secondary battery 220 as mentioned above, or a primary 
55 battery pack 240 including a non-reusable primary battery such as an ordinary UM-3 battery or a lithium battery. 

As shown in Fig. 21 , such camera is provided, for the primary battery pack 240, with a battery check button 243, a 
display unit 224 therefor, and an internal battery check circuit for the primary battery. Said internal circuit is activated by 
the depression of the check button 243, to turn on the display unit 224 in case the remaining capacity is sufficient, or to 
turn on said unit intermittently or to extinguish the display in case the remaining capacity is insufficient. 
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The configuration of this embodiment is featured by a fact that the remaining capacity of the battery is displayed on 
the display unit 224 provided on the rear face of the camera body 2. regardless whether the pack 1 or 240 is mounted. 
When the primary battery pack 240 is mounted, said display is given in response to the depression of the check button 
243, but, when the secondary battery pack 1 is mounted, said display is always given on the display unit 224. 

5 The primary battery pack 240, to be loaded in a chamber 6 of the camera body 2, is provided, as shown in Fig. 21 , 
with a battery chamber 242 for detachably accommodating batteries 241 . Also on the inserted end of said pack 240, 
there are provided discharging terminals 7, 8 similar to those in the aforementioned secondary battery pack 1, and a 
pack detecting terminal 244. Said secondary battery pack 1 and primary battery pack 240 are formed in a substantially 
same shape, and have said discharging terminals 7, 8 in mutually corresponding positions on the inserted end. How- 

10 ever, as shown in Fig. 21 , the signal transmitting terminal 222 in the secondary battery pack 1 and the identifying ter- 
minal 244 in the primary battery pack 240 are provided in different positions, and, in the connection to the camera body 
2, form respectively different wiring states with the display unit 224 (display circuit 223) as shown in Figs. 22 and 23, 
thereby functioning as means for identifying the mounted pack 

In the camera body 2, as shown in the right-hand portion in Figs. 22 and 23. the terminal 222 receiving the signal, 

75 indicating the remaining capacity of the secondary battery 220, from the pack 1 is connected to the display circuit 223 
including the display unit 224. On the other hand, when the primary battery pack 240 is mounted, the identifying termi- 
nal 244 functions as a ground terminal for a discrimination circuit 245 of which input is connected to said terminal 222 
and the display circuit 223, and said discrimination circuit can be activated by a contact linked with the aforementioned 
battery check button 243. 

20 When the secondary battery pack 1 is mounted to the camera body 2 in the above-explained configuration, the dis- 
play circuit 223 and the display unit 224 are connected through the terminal 222 to said pack while the descrimi nation 
circuit 245, identifying terminal 244 and check button 243 are excluded from the circuit, whereby the remaining capacity 
of the secondary battery 220 can be displayed by the signal from the calculation circuit 221 of the pack 1 , as shown in 
Fig. 22. 

25 On the other hand, when the primary battery pack 240 is mounted, the above-mentioned terminal 222 for the sec- 
ondary battery is unconnected as shown in Fig. 23 and the display circuit 223 is grounded through the discrimination 
circuit 245. In such state, the depression of the check button 243 selectively activates the discrimination circuit 245, 
whereby the remaining capacity of the battery at this point can be displayed on the display unit 224. Said discrimination 
circuit 245, activated by the closing of the battery check button 243, is designed to measure the battery voltage when a 

30 current is given to an unrepresented resistor in said circuit. Since said resistor has to have a low resistance, said circuit 
cannot be operated continuously but is to be activated only in response to the depression of the check button 243. 

In the foregoing there has been explained a case of loading primary batteries in the primary battery pack, but such 
primary batteries may be directly loaded in a loading chamber of the camera body. In such case, the primary batteries 
may be formed similar to the primary battery pack, or said loading chamber may be formed similar to the primary bat- 

35 tery. 

[Gth embodiment] 

Figs. 24 and 25 illustrate another embodiment of the present invention, wherein components same as or equivalent 

40 to those in Figs. 1 to 3 are represented by same numbers and will not be explained further. 

In the present embodiment, as shown in Fig. 25, a secondary battery pack 1 , to be detachably mounted in a cham- 
ber 6 of a camera body 2, is provided with a reusable secondary (nickel-cadmium) battery 20 and information memory 
means 40 for memorizing the remaining capacity thereof, and the camera body 2 is provided with information transmis- 
sion means 41 for effecting information exchange with said memory means 40, means for calculating the amount of 

45 charge and discharge of the secondary battery 20 (calculation circuit 29), and means (display circuit 31 including a dis- 
play unit 12) for displaying the remaining capacity of the secondary battery 20, determined by said calculation circuit 
29. A terminal MEM 43 shown in Fig. 25 is composed of a data line contact 42 formed on the inserted end of the sec- 
ondary battery pack 1, independently from the electrodes 7, 8, and an unrepresented electrode formed in the camera 
body 2 in opposed relationship to said contact 42. Said information memory means 40 stores a value indicating the 

so remaining capacity of the secondary battery pack 1 (hereinafter called remaining capacity data). Said data becomes 
zero for example in case the battery is entirely discharged. Said memory means 40 can be composed, for example, of 
an EEPROM (electrically erasable programmable read-only memory) or a RAM. 

In the present embodiment, the display unit 1 2 is provided in a part of the rear face of the camera body 2. Also a 
charging receptacle 9, for receiving a charging plug 10 of a charger 3 for charging when the secondary battery in said 

55 pack 1 is exhausted, is also provided on the camera body 2, and the charging of the exhausted battery can be con- 
ducted, while the secondary battery pack 1 is loaded in the chamber 6 of the camera body 2, by inserting the plug 10 
of the charger 3 into said receptacle 9 on the camera body 2. The charging current from the charger 3 flows, through 
terminals 22 (CHG) and 33 (GND) corresponding to the plug 10 and receptacle 9 and also through a diode 24 and a 
resistor 25 provided in the camera body 2, to a terminal (BAT) 44 composed of the electrode 7 of the pack 1 and the 
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unrepresented electrode of the camera body and to terminal (GND) 45 composed of the electrode 8 of the pack 1 and 
the unrepresented electrode of the camera body, thereby charging the secondary (nickel-cadmium) battery 20. Also in 
the camera body 2, a current detection circuit 28 for detecting the direction and dimension of current for supply to the 
calculation circuit 29 is connected parallel to the resistor 25. 

5 In the present embodiment, various circuits and components for determining the remaining capacity of the second- 
ary battery pack 1 are provided in the camera body 2, but the circuit structure thereof is similar to that shown in Fig. 3 
so that the detailed functions of these circuits will be omitted. 

When the secondary battery pack 1 is mounted to the camera body 2 in the above-explained configuration, the 
camera body is powered and the information transmission means 41 is activated to read the remaining capacity data of 

10 the secondary battery 20, stored in said memory means 40 through the terminal 43. Said data is transferred from the 
transmission means 41 to the calculation circuit 29, which thereafter continuously calculates the remaining capacity of 
the secondary battery 20 by detecting the charging and discharging current thereof and utilizing said data as the initial 
value, until the secondary battery pack 1 is detached. The remaining capacity data obtained in said calculation circuit 
29 is constantly recorded, as new data, in the memory means 40 through the transmission means 41 and the terminal 

75 43. Consequently, even when the secondary battery pack 1 is disconnected from the camera body 2, the remaining 
capacity data immediately before said disconnection is stored in said pack 1 itself. 

Therefore, for example in case a secondary battery pack A connected to the camera body 2 is replaced by another 
pack B, which is afterwards replaced again by the original pack A, the remaining capacity thereof can be correctly cal- 
culated, because the information on the remaining capacity of the pack A is not lost but is maintained in said pack A 

20 itself. 

If the secondary battery pack 1 has no remaining capacity, the calculation circuit 29 does not function until the 
power supply voltage therefor reaches a minimum function voltage after the starting of charging by the charger 3. 

[7th embodiment] 

25 

Fig. 26 shows a 7th embodiment of the present invention, wherein the information memory means 40 provided in 
the secondary battery pack 1 stores not only the remaining capacity data of the secondary battery 20 as in the 6th 
embodiment but also time data, indicating the time when the pack 1 is disconnected from the camera body 2. 

In such configuration, the calculation circuit 29 can also calculate the decrease of the remaining capacity by self 
30 discharge (spontaneous discharge in time) of the secondary battery 20, so that the remaining capacity can be deter- 
mined in more precise manner. 

In this embodiment, a clock means 47 is formed by an electronic circuit connected to said information transmission 
means 41 and calculation circuit 29 in a part of the circuit in the camera body 2, and is provided with a back-up timer 
battery 48 for maintaining the function of said clock means 47 when the pack 1 is detached from the camera body 2. 
35 The clock means 47 may be constantly powered by said timer battery 48, or may be powered by the secondary battery 
pack when it is mounted to the camera body and by said timer battery 48 when said pack 1 is detached. 

The configuration shown in Fig. 26 is same as that shown in Fig. 25 except for the clock means 47 and timer battery 
28 mentioned above, and will not. therefore, be explained further. 

When the secondary battery pack 1 is mounted to the camera body 2 in this embodiment, the camera body 2 is 
40 powered and the information transmission means 41 is activated to read, through the terminal 43, the remaining capac- 
ity data and time data stored in the memory means 40 of the pack 1. Said remaining capacity data and time data are 
transferred, from said transmission means 41 , to the calculation circuit 29. 

On the other hand, the calculation circuit 29 can know the current time (time data indicating the current time) from 
the clock means, and calculates the time (hereinafter called battery left-alone time) elapsed from the disconnection of 
45 the secondary battery pack 1 from the camera body 2 to the present, based on said current time and the time data 
obtained from the memory means 40. 

Then the calculation circuit 29 calculates the capacity (self discharged capacity) lost by self discharge (spontane- 
ous discharge) in said battery left-alone time), in consideration of the remaining capacity if necessary, and determines 
an initial value of remaining capacity by subtracting said self discharged capacity from the remaining capacity data read 
so from the memory means 40. 

On the other hand, the calculation circuit 29 determines the remaining capacity of the secondary battery 20 utilizing 
the current detection circuit 28 and timer circuit 30 as explained before and displays said remaining capacity on the dis- 
play unit 12 of the display circuit 31. 

The remaining capacity calculated in the calculation circuit 29 and the current time obtained from the clock means 
55 47 are constantly stored, respectively as new remaining capacity data and new time data, in the memory means 40 of 
the pack 1 through the transmission means 41 and the terminal 43. 

Consequently, even when the secondary battery pack 1 is disconnected from the camera body 2, the remaining 
capacity data of said pack 1 immediately before said disconnection and the time data indicating the time of said discon- 
nection are stored in said pack 1 itself. 
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Therefore, for example in case a secondary battery pack A connected to the camera body 2 is replaced by another 
pack B, which is afterwards replaced again by the original pack A, the remaining capacity data thereof and the time data 
indicating the detachment of said pack A from the camera body are not lost. 

In the above-explained configuration, either one of the timer circuit 30 and the clock means 47 may be used for both 
5 functions, as their functions are alike. 

[8th embodiment] 

Figs. 27 and 28 illustrate an 8th embodiment of the present invention, wherein the charging receptacle 9, provided 
w on the camera body 2 in the foregoing 6th embodiment, is provided on the rectangular head portion 1 a of the secondary 
battery pack 1 , so that it is not concealed even when the pack 1 is mounted in the chamber 6 of the camera body 2. 

On an end of said second battery pack 1 , there are formed two electrodes 7, 8, a battery capacity data line contact 
42 and a contact 49 for a charging line. 

When the pack 1 is loaded in the chamber 6 of the camera body 2, the electrodes 7, 8 come into contact with unrep- 
75 resented electrodes correspondingly formed in the camera body 2, thereby effecting power supply from the secondary 
battery in the pack 1 to the camera body 2. 

At the same time, the contact 42 for battery capacity data line and the contact 49 for the charging line come into 
contact with unrepresented electrodes correspondingly formed in the camera body 2. 

When the secondary battery in the pack 1 is exhausted, it can be charged by insertion of the plug 10 of the charger 
20 3 into the receptacle 9 provided on the pack 1 while it is mounted on the camera body 2. 

In Fig. 28, a circuit in the left-hand portion belongs to the charger 3, wherein terminals 22 (CHQ), 23 (GND) corre- 
spond to the plug 10 of said charger 3 and the receptacle 9 of the secondary battery pack 1 . 

A circuit in the right-hand portion is a part of the internal circuits of the camera body 2. In the charging state, the 
current from the aforementioned rectification circuit 21 charges the secondary battery 20 through the terminal 22, a ter- 
25 minal 50 (CHG) consisting of the charging line contact 49 and the unrepresented contact of the camera body 2, a diode 
24, a resistor 25 and terminals 44, 23. In the discharging state (when the camera body 2 is in use), the current from the 
secondary battery 20 is supplied, through the terminals 44 (BAT) and 45 (GND), to the camera body 2 for effecting the 
calculation of remaining capacity and reading and storage of remaining capacity data as in the foregoing 6th embodi- 
ment, but the explanation of these operations will be omitted. 
30 In such configuration, though the charging receptacle 9 is provided on the pack 1, the charging and discharging 
cunent passes through the current detection circuit 28 in the camera body 2, so that the remaining capacity of the sec- 
ondary battery 20 can be determined. Though not explained in this embodiment, it is also possible to include the time 
data by the addition of clock means 47 as in the 7th embodiment, thereby achieving detection of remaining capacity with 
higher reliability. 

35 

[9th embodiment] 

Figs. 29 to 31 illustrate a 9th embodiment of the present invention, which avoids the drawback in the foregoing 6th 
or 8th embodiment, resulting from a fact that the remaining capacity data have to be constantly written into the memory 
40 means 40 of the pack 1 as it may be detached from the camera body 2 any time. Such frequent information transmis- 
sion is a heavy burden to the transmission means 41 and the calculation circuit 29, and the remaining capacity data 
may be destructed in the worst case, if the pack 1 is detached from the camera body 2 in the course of recording of said 
data. In the present embodiment, in order to avoid such drawback, the camera body 2 is provided with a detection 
switch 60 for detecting the loading and unloading of the secondary battery pack 1 . 
45 Fig. 30 shows the detailed structure of said packdetecting switch 60 provided on the camera body 2. In the present 
embodiment, said switch 60 is combined with an unlocking button 61 for the secondary battery pack. 

Contacts 66, 67 constituting the detection switch 60 are connected, by unrepresented lead wires, to the calculation 
circuit 29 (not shown). When the pack 1 is loaded in the camera body 2, a claw 64 provided on the camera body 2 is 
pressed, by means of a spring 65, to a recess 62 formed on the pack 1 , whereby said pack 1 is supported in the camera 
so body 2 and does not drop therefrom. 

In such state, where the unlocking button 61 is not depressed, the contacts 66, 67 are mutually separated by the 
force of a spring 68, so that the switch 60 is open. 

In case of detaching the pack 1 from the camera body 2, the unlocking button 61 is depressed, whereby the claw 
64 disengages from the recess 62 and the pack 1 becomes detachable from the camera body 2. 
55 Because of said depression of the unlocking button 61 , the contacts 66. 67 come into mutual contact, thus closing 
the switch 60. 

A circuit shown in Fig. 31 corresponds to that of the 6th embodiment, but also includes a detection switch 51 , which 
corresponds to the pack detection switch 60 explained above. A terminal of said switch is grounded while the other is 
connected to the input terminal of the calculation circuit 29 and also pulled up by a resistor 52. 



16 



EP0 750 215 A2 



When the secondary battery pack 1 is loaded into the camera body 2 in the above-explained configuration, the 
camera body 2 is powered as in the 6th embodiment whereby the transmission means 41 is activated to read, through 
the terminal 43, the remaining capacity data of the pack 1 stored in the memory means 40 and to transmit said data to 
the calculation circuit 29, which effects calculation and display of the remaining capacity of the secondary battery 20, 

5 utilizing said data as the initial value. 

In this embodiment, however, in contrast to the 6th embodiment, the remaining capacity data calculated by the cal- 
culation circuit 29 is not constantly transmitted to the memory means 40 for recording therein. 

As already explained in relation to Figs. 29 and 30, the unlocking button 61 has to be depressed at first, in order to 
detach the pack 1 from the camera body 2. Said depression closes the detection switch 60, thereby grounding the input 

io terminal of the calculation circuit 29. 

Upon detecting said grounding of the input terminal, the calculation circuit 29 stores the remaining capacity data at 
this point, as new data, in the memory means 40 of the pack 1 through the transmission means 41 and the terminal 43. 
Thus, when the pack 1 is detached from the camera body 2, the remaining capacity data of the pack 1 immediately 
before said detaching is stored in said pack 1 itself. 

75 In the foregoing there has been explained the detection of detachment of the secondary battery pack 1 from the 
camera body 2 by means of a detection switch 60 provided thereof, but a pack mounting detection switch, for detecting 
the loading of the pack 1 in the camera body 2, may be additionally provided thereon. A detection signal from said pack 
mounting detection switch can be utilized for causing the transmission means 41 to read the remaining capacity data of 
the pack 1 from the memory means 40 and to transmit said data to the calculation circuit 29. 

20 The present embodiment is formed by adding the detection switch 60 to the configuration of the 6th embodiment, 
but said detection switch may also be added to that of the 8th embodiment. Also in this case, there may be added the 
clock means and time data, as in the 7th embodiment. In such configuration, the remaining capacity data and time data 
need not be constantly recorded in the memory means, but can only be recorded when the detachment of the pack 1 
from the camera body 2 is detected by the detection switch 60. 

25 

[10th embodiment] 

Figs. 32 to 34 illustrate a 10th embodiment of the present invention, wherein the charger 3 for charging the second- 
ary battery pack 1 is provided with information transmission means 70 for communicating with the memory means 40 

30 of the pack 1 and means 71 for calculating the amount of charging of the secondary battery 20, whereby, upon connec- 
tion of the charge 3 to the pack 1 , the remaining capacity of the secondary battery 20 stored in the memory 40 is trans- 
mitted through the transmission means 70 to the calculation circuit 71 of the charger 3 and the remaining capacity after 
charging, obtained in said calculation circuit 71 , is transmitted to the memory means 40 of the pack 1 . 

In the battery system of a camera, as already explained in the foregoing, the resistor 25, current detection circuit 

35 28, calculation circuit 29, timer circuit 30 and information transmission circuit 41 have to be connected to the secondary 
battery 20 both in the charging and discharging states. In the foregoing 6th to 9th embodiments, since these circuits are 
provided in the camera body 2, the pack 1 has to be connected to the camera body 2 during the charging operation, so 
that the camera cannot be used during said operation (even if the camera can be used, the phototaking operation is 
hindered by the connection of the charger 3 and the AC plug 11). 

40 In order to avoid such drawback, the present embodiment is featured by a fact that the camera body 2 is provided, 
as shown in Fig. 34, with the resistor 25, current detection circuit 28, timer circuit 30, calculation circuit 29 and informa- 
tion transmission means 41 , and that the charger 3 is also provided, as shown in Fig. 33, with a resistor 72, a current 
detection circuit 73, a timer circuit 74, a calculation circuit 71 and information transmission means 70. 

In Fig. 33, a terminal 75 (MEM) for connecting the memory means 40 of the pack 1 with the transmission means 

45 70 of the charger 3, is composed, as shown in Fig. 32, of a receptacle 76 for the capacity data line of the pack 1 and a 
plug 77 of the capacity data line of the charger 3. 

As shown in Fig. 32, the secondary battery pack 1 is provided with the charging receptacle 9, and a receptacle 76 
for the capacity data line in the vicinity thereof. When the secondary battery 20 is exhausted, the pack 1 is detached 
from the camera body 2, and it can be charged by insertion of the plug 1 0 of the charger 3 into the receptacle 9 provided 

so on the pack 1 and insertion of the capacity data line plug 77 of the charger 3 into the data line receptacle 76 of the pack 
1 . In this embodiment, the remaining capacity display means 1 2 is provided on the camera body 2. 

In the above-explained configuration, the charging operation of the secondary battery pack 1 by the charger 3 and 
the discharging operation when said pack 1 is loaded in the camera body are conducted in the following manner: 

55 (1) Charging operation 

Fig. 33 shows an electrical circuit when the pack 1 is connected to the charger 3, wherein a left-hand portion indi- 
cates the circuit of the charger 3. An AC current is supplied from a plug 1 1 to a rectification circuit 21 , which supplies a 
DC charging current. 
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Terminals 22 (CHG), 23 (GND) are composed of the charging plug 10 of the charger 3 and the receptacle 9 on the 
packl. 

The current from the rectification circuit 21 charges the secondary battery 20, through the resistor 72, terminal 22, 
diode 24 (incorporated in the pack 1) and terminal 23. 
5 Said diode 24 is provided for preventing damage in the secondary battery 20 and in the circuits of the camera body 
2 shown in Fig. 34, when a voltage of a different polarity from that of the charger 3 is erroneously applied to the termi- 
nals 22, 23. 

The remaining capacity data of the secondary battery 20, stored in the memory means 41 , is read by the transmis- 
sion means 70 through a terminal 75 (MEM), consisting of the data line receptacle 76 of the pack 1 and the data line 

10 plug 77 of the charger 3, and is transmitted to the calculation circuit 71 , which utilizes said data as the initial value. The 
resistor 72, provided for converting the current between the terminals 22, 23 into a voltage, converts the charging cur- 
rent in a direction Ic into a voltage for supply to the current detection circuit 73. which thereby detects thus generated 
current and sends the amount thereof to the calculation circuit 71. Also receiving the output of the timer circuit 74, the 
calculation circuit 71 determines the dimension of current of the secondary battery 70 at each time, through the calcu- 

15 lation based on the charging current as already explained before. Said calculation circuit 71 calculates the remaining 
capacity from said dimension of current and the initial value obtained from said memory means 40. 

Also the remaining capacity calculated by the calculation circuit 71 is stored, as new data, constantly in the memory 
means 40 through the transmission means 70 and the terminal 75. Consequently, when the secondary battery pack 1 
is detached from the charger 3, the remaining capacity data of the secondary battery 20 immediately before said 

20 detachment is stored in the pack 1 itself. 

(2) Discharging operation 

Fig. 34 shows the electric circuit when the secondary battery pack 1 is loaded in the camera body 2. Upon said 
25 loading, the current from the secondary battery 20 is supplied through the terminals 44 (DIS) and 45 (GND) to the cam- 
era body 2, whereby the transmission means 41 thereof is activated to read, through the terminal 43, the remaining 
capacity data of the pack 1, stored in the memory means 40. and to transmit said data to the calculation circuit 29, 
which utilizes said data as the initial value of the remaining capacity. The resistor 25 is provided for converting the cur- 
rent between the terminals 44, 45 into a voltage, and converts, in the discharging state, the current in the direction Id 
30 into a voltage for supply to the current detection circuit 28, which detects and sends the amount of thus generated cur- 
rent to the calculation circuit 29. 

Also receiving the output of the timer circuit 30, the calculation circuit 29 calculates the dimension of current of the 
secondary battery 20 at this point, through calculation with said current amount, also determines the remaining capacity 
from said dimension of current and the initial value obtained from the memory means 40 and displays said remaining 
35 capacity by the display circuit 31 . 

The remaining capacity data calculated by the calculation circuit 29 is also recorded, as new data, constantly in the 
memory means 40 through the transmission means 41 and the terminal 43. Consequently, when the secondary battery 
pack 1 is disconnected from the camera body 2, the remaining capacity data of the pack 1 immediately before said dis- 
connection is stored in the pack 1 itself, as in the foregoing embodiments. In this embodiment, as explained above, the 
40 camera body 2 determines only the amount of discharge of the secondary battery 20. 

This embodiment provides an advantage that the camera can be used while a spare battery pack is charged, since 
the secondary battery pack needs not be connected to the camera body during the charging operation. 

In the present embodiment, the charger 3 is provided with the resistor 72, current detection circuit 73, timer circuit 
74, and calculation circuit 71, but it may also be provided with a display circuit for displaying the remaining capacity of 
45 the secondary battery 20 during the charging operation. Also in Fig. 32 the charging plug 1 0 and the data line plug 77 
are formed as two independent plugs, but they may be formed in an integral structure so that they may be connected 
or disconnected at the same time. 

Furthermore, in the present embodiment, there may be added the clock means and time data as in the foregoing 
7th embodiment, and the structure of the camera body 2 may be based on the 9th embodiment, which consists of the 
so pack detection switch added to the structure of the 6th embodiment. 

[11th embodiment] 

Figs. 35 to 37 illustrate an 1 1th embodiment of the present invention, which is featured, in a configuration of the 
55 foregoing 10th embodiment having the resistors 25, 72, current detection circuits 28, 73, timer circuits 30, 74 and cal- 
culation circuits 29, 71 in the camera body 2 and the charger 3. by a simplified structure in adding the clock means and 
timer data for adding the function of calculating the capacity decrease by serf discharge. 

It is conceivable, in a simplest way, to add such clock means in the camera body (hereinafter called clock means 
E) and in the charger 3 (hereinafter called clock means F). 
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In such case, upon loading of the secondary battery pack 1 into the camera body 2, the calculation circuit 29 of the 
camera body calculates the battery left-alone time and the self discharged capacity, based on the time data (also 
remaining capacity data if necessary) read from the memory means 40 of the pack 1 through the transmission means 
41 of the camera body and the current time obtained from the clock means E of the camera body. Said current time data 
5 from the clock means E is constantly recorded as new time data, together with the remaining capacity data calculated 
by the calculation circuit 29 of the camera body, into the memory means 40 of the pack 1 . 

Also upon connection of the charger 3 to the secondary battery pack 1 , the calculation circuit 71 of the charger 3 
calculates the battery left-along time and the self discharged capacity, based on the time data (also remaining capacity 
data if necessary) read from the memory means 40 of the pack 1 through the transmission means 70 of the charger 3 
10 and the current time obtained from the clock means F of the charger 3. Said current time data from the clock means F 
is constantly recorded as new time data, together with the remaining capacity data calculated by the calculation circuit 
71 of the charger 3, into the memory means 40 of the pack 1 through the transmission means 70 of the charger 3. 

When the clock means E, F are respectively provided in the camera body 2 and the charger 3, they have to exactly 
match each other in the indicated time. For example, they should not be such that the clock means E indicates 13:01 
15 hours on January 1 , 1990 when the clock means F indicates 12:01 hours on January 1 , 1990. 

This is because of the following reason. The time data indicating the time of disconnection of the pack 1 from the 
charger 3 is based on the clock means of said charger 3, while that indicating current time when the pack 1 is loaded 
in the camera body 2 is based on the clock means thereof. Therefore, if the clock means of the camera body 2 and that 
of the charger 3 indicate different times, the elapsed time (battery left-along time) from the disconnection of the pack 1 
20 from the charger 3 to the connection to the camera body 2 cannot be known exactly. 

Also, as already explained in the 7th embodiment, each of the clock means in the camera body and in the charger 
requires a clock battery. 

In the present embodiment, in order to avoid the above-mentioned drawbacks, the clock means in the camera body 
2 and the charger 3 are replaced by clock means 80 in the secondary battery pack 1 , and time data obtained therefrom 

25 is transmitted to the camera body 2 and the charger 3 through exclusive contacts. 

More specifically, as shown in Fig. 35, a receptacle 76 for battery capacity data line and a receptacle 82 for a clock 
signal are provided on the pack 1 , in the vicinity of the charging receptacle 9. Also on an end of the pack 1 , there are 
provided two electrodes 7, 8, a data line contact 42 and a clock signal contact 83. When said pack 1 is mounted in the 
chamber 6 of the camera body 2, the electrodes 7, 8 come into contact with unrepresented corresponding electrodes 

30 provided in the camera body 2, thereby effecting power supply thereto. At the same time, the data line contact 42 and 
the clock signal contact 83 also come into contact with unrepresented corresponding contacts provided in the camera 
body 2. 

When the secondary battery 20 in the pack 1 is exhausted, said pack 1 is extracted from the camera body 2 and 
can be charged by insertions of the charging plug 10, data line plug 77 and clock signal plug 84, all connected to the 
35 charger 3, into the receptacles 9. 76. 82 of the pack 1 . In the present embodiment, the display unit 12 for the remaining 
capacity is provided on the camera body 2. 

The above-explained configuration functions in the following manner: 

(1) Charging operation: 

40 

Fig. 36 shows the electrical circuit when the charger 3 is connected to the secondary battery pack 1. Since said 
circuit is basically same as that of the 10th embodiment shown in Fig. 33, the following description will be concentrated 
only on the different points. 

As in the 10th embodiment, the memory means 40 stores the remaining capacity data of the pack 1 and the time 
45 data indicating the time when the pack 1 is disconnected from the camera body 2 or the charger 3. Clock means 80 is 

provided, not in the camera body 2 nor the charger 3, but in the secondary battery pack 1 . 

A terminal 75 (MEM) is composed of the data line receptacle 76 of the pack 1 and the data line plug 77 of the 

charger 3 shown in Fig. 35, while a terminal 85 (TIME) is composed of the clock signal receptacle 82 on the pack 1 and 

the clock signal plug 84 of the charger 3, shown in Fig. 35. 
50 The information transmission means 70 reads, through the terminal 75, the remaining capacity data of the pack 1 

and the time data, stored in the memory means 40, and sends said data to the calculation circuit 71 , which can know 

the current time from the dock means 80 through the terminal 85, and calculates the battery left-alone time from said 

current time data and the time data obtained from the memory means 40. The self discharged capacity, namely a 

capacity lost by self (spontaneous) discharge, can be calculated from said battery left alone time, also in consideration 
55 of the remaining capacity if necessary. The calculation circuit 71 determines the initial value of the remaining capacity 

by subtracting said self discharged capacity from the remaining capacity data read from the memory means 40. 

Also the dimension of current can be determined by the resistor 72, current detection circuit 73, timer circuit 74 and 

calculation circuit 71, which calculates the remaining capacity from said dimension of current and said initial value of 

the remaining capacity. 
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The remaining capacity data calculated by the calculation circuit 71 and the current time data obtained from the 
clock means 80 through the terminal are constantly recorded, as new data, into the memory means 40 through the 
transmission means 70 and the terminal 75. 

Consequently, when the secondary battery pack 1 is disconnected from the charger 3, the remaining capacity data 
5 of the secondary battery 20 immediate before said disconnection and the time data indicating the time of said discon- 
nection are stored in the secondary battery pack 1 itself. 

(2) Discharging operations: 

10 Fig. 37 shows the electrical circuit when the secondary battery pack 1 is mounted on the camera body 2. Since said 
circuit is basically same as that of the 7th embodiment shown in Fig. 26, the following description will be concentrated 
only on the different points. 

A terminal 44 (DIS) corresponds to the electrode 7 in Fig. 35 and the unrepresented corresponding electrode of the 
camera body 2, while a terminal 45 (GND) corresponds to the electrode 8 in Fig. 35 and an unrepresented correspond- 
15 ing electrode of the camera body 2. 

Also a terminal 43 (MEM) is composed of the data line contact 42 in Rg. 35 and the unrepresented corresponding 
contact of the camera body 2, while a terminal 86 (TIME) is composed of the dock signal contact 83 in Fig. 35 and the 
unrepresented corresponding contact of the camera body 2. 

In the above-explained configuration, the information transmission means 41 reads, through the terminal 43, the 
20 remaining capacity data of the pack 1 and the time data from the memory means 40, and sends said data to the calcu- 
lation circuit 29, which can also receive the current time data from the clock means 80 through the terminal 86. The cal- 
culation circuit 29 calculates the battery left-alone time from said current time data and the time data obtained from the 
memory means 40, then calculates the self discharged capacity, namely the capacity lost by self (spontaneous) dis- 
charge based on said battery left-alone time, and determines the initial value of the remaining capacity by subtracting 
25 said self discharged capacity from the remaining capacity data read from the memory means 40. 

Also the dimension of current is determined by the resistor 25, current detection circuit 28, timer circuit 30, and cal- 
culation circuit 29, which then calculates the remaining capacity from said dimension of current and said initial value of 
remaining capacity. 

The remaining capacity data, calculated by the calculation circuit 29, and the current time data obtained from the 
30 clock means 80 through the terminal 86 are constantly recorded, as new data, into the memory means 40 through the 
transmission means 41 and the terminal 43. 

Consequently, when the pack 1 is disconnected from the camera body 2, the remaining capacity data of the sec- 
ondary battery 20 immediate before said disconnection and the data indicating the time of said disconnection are stored 
in the secondary battery pack 1 itself. 
35 As the timer circuits 30, 74 are similar in function to the clock means 80 as explained before, it is possible to dis- 
pense with the timer circuits 30 of the camera body and that 74 of the charger 3, and to achieve the functions of said 
timer circuits with the clock means 80 of the pack 1 . As shown in Figs. 36 and 37, the clock means 80 is provided with 
a back-up clock battery 81 . 

Also in Fig. 35, the charging plug 1 0, data line plug 77 and clock signal plug 84 are constructed as three independ- 
40 ent plugs, but they may also be constructed as an integrated structure to enable simultaneous connection and discon- 
nection of the three. 

Also in the foregoing 6th to 11th embodiments, the information transmission means 41 , 70 are provided independ- 
ently from the calculation circuits 29, 71 , but the functions of said transmission means may be achieved by the calcula- 
tion circuits. For example if the calculation circuits 29, 71 are composed of MCU's (microcomputer units) and the 
45 memory means 40 is composed of an EEPROM, the functions of the transmission means are often included in those 
of MCU's. 

Said information transmission means 40 can be composed, for example, of a RAM or an EEPROM (electrically 
erasable programmable read-only memory). 

In the battery systems of the foregoing 6th to 1 1th embodiments, the camera body is provided with circuit means 
so for detecting and displaying the remaining capacity of the secondary battery pack, including a resistor, a current detec- 
tion circuit, a timer circuit, a calculation circuit and a display circuit, while the secondary battery pack is provided with 
information memory means for storing the information on said remaining capacity etc., and information transmission 
means for effecting information exchange between said memory means and said calculation circuit is provided in the 
camera body, and such configuration provides various excellent effects as described below: 

55 

(1) Since the current detection circuit, timer circuit, calculation circuit and display circuit are all incorporated in the 
camera body, they need not be provided in each secondary battery pack, the cost and the space of the entire appa- 
ratus can be saved. 

Also as a subsidiary effect, the display unit, composed for example of a liquid crystal display device, need not 



20 



EP0750 215A2 



be provided on the secondary battery pack but in a position of the camera body which can be easily observed dur- 
ing the phototaking operation. 

(2) The remaining capacity data, calculated by the current detection circuit, timer circuit, and calculation circuit of 

the camera body, is constantly recorded in the memory means of the secondary battery pack, so that, even when 
s the secondary battery pack is detached from the camera body, the data on the remaining capacity of the secondary 

battery pack immediately before said detachment is stored in said pack itself. 

Therefore, even in case a secondary battery pack mounted on the camera body is replaced by another pack, 

which is afterwards replaced again by the original pack, the remaining capacity thereof can be correctly calculated 

because the information of the remaining capacity thereof is not lost. 
10 (3) The charging receptacle on the camera body can be dispensed with by providing the secondary battery pack 

with a contact for the charging line. Thus the charging receptacle can be provided on said pack. 

(4) Use of a switch for detecting the secondary battery pack avoids the necessity of constantly recording the new 
remaining capacity data from the calculation circuit of the camera body to the memory means of the pack, thereby 
reducing the burden on said calculation circuit and avoiding the possibility of destruction of the remaining capacity 

15 data, depending on the timing of disconnection of the secondary battery pack from the camera body. 

(5) A configuration including the resistor, current detection circuit, timer circuit and calculation circuit also on the 
charger avoids the necessity of connection the secondary battery pack to the camera body during the charging 
operation, whereby the camera can be used even during the charging operation. 

(6) The decrease of the remaining capacity, resulting from self discharge (spontaneous discharge of battery in 
20 time), can also be calculated by providing the camera body with clock means and recording the time data in addi- 
tion to the remaining capacity data, in the memory means of the secondary battery pack. 

(7) A configuration provided with a resistor, a current detection circuit, a timer circuit and a calculation circuit in each 
of the camera body and the charger, also with clock means in the secondary battery pack, wherein the time data 
obtained from said clock means is transmitted, through exclusive contacts, to the calculation circuits of the camera 

25 body and of the charger, avoids the drawback encountered in case the clock means is provided in each of the cam- 
era body and the charger, namely the incorrect calculation of the battery left-alone time resulting from the difference 
of time indicated by the clock means of the camera body and time indicated by that of the charger. 

[12th embodiment] 

30 

Figs. 38 to 43 illustrate another embodiment of the battery system of the present invention, wherein components 
same as or equivalent to those in Figs. 1 to 8 are represented by same numbers and will not be explained further. 

The basic structure of the camera of the present embodiment, powered by a secondary battery 20 and incorporat- 
ing and automatic film winding motor etc. as the load, is same as already explained in relation to Figs. 1 and 2, but the 

35 present embodiment is featured by a contact 50, provided at an end of the inserted portion 1b of the aforementioned 
secondary battery pack 1 and between the electrodes 7, 8, for transmitting a timing signal for controlling the load 
means, said contact being brought into contact with an unrepresented contact of the camera body thereby connected 
to the electric circuit therein when said secondary battery pack 1 is mounted on the camera body 2. 

The above-mentioned battery system, consisting of secondary battery pack 1 , equipped with means for calculating 

40 and displaying the remaining capacity of the secondary battery including a resistor 25, a current detection circuit 28, a 
timer circuit 30, a calculation circuit 29, a display circuit 31 etc., and a camera body equipped with load means such as 
motors, resistors etc. and load control means for effecting on/off control of each of the load means, is featured by a load 
control timing signal generating circuit 360 which generates a load control timing signal, indicating the control state of 
the load means, in response to a signal from said load means, wherein said timing signal is transmitted to the calcula- 

45 tion circuit 29 thereby controlling the timing of detection and fetching of the charge-discharge converted signal and of 
data calculation in said calculation circuit 29. 

The circuit of this battery system shown in Fig. 40 is different from that shown in Fig. 3 in that the calculation circuit 
29 is provided with a control terminal CTRL, which is pulled up by a resistor 361 to a power supply line Vcc connected 
to the positive terminal of the secondary battery 20 and is also connected to a terminal 362 (CTL), corresponding to the 

so contact 50 shown in Fig. 38. As will be explained later in detail, the timing of fetching of the charge-discharge signal, 
and of calculation in the calculation circuit 29 is controlled by the load control timing signal supplied from said terminal 
362. 

In Fig. 40, the lower portion indicates a part of the internal circuit of the camera body 2. 
The power from the secondary battery 20 is supplied, through terminals 26, 27, to a DC-DC converter 363, of which 
55 a control terminal RC is connected to a half-stroke switch 364. Said DC-DC converter 363 is activated when said control 
terminal RC is shifted to the low level state, thereby supplying a constant voltage Vdd to a control circuit 370 and an 
unrepresented light metering circuit. Said control terminal of the DC-DC converter 363 is also connected to an output 
terminal (power supply hold terminal) of the control circuit 370, whereby said control circuit 370 can force the DC-DC 
converter 363 to continue the supply of Vdd. When a switch 371 is closed by the depression of a shutter release button, 
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the control circuit 370 sends control signals, according to a predetermined sequence to be explained in relation to Fig. 
41 , to a drive circuit 372 for a shutter leading curtain controlling solenoid, a drive circuit 373 for a shutter trailing curtain 
controlling solenoid, a drive circuit 374 for a shutter releasing solenoid, a drive circuit 375 for a diaphragm controlling 
solenoid, a drive circuit 376 for a charging motor; and a drive circuit 377 for a film winding motor (said six drive circuits 
5 being collectively called load drive circuits). 

The drive circuit 372 for the shutter leading curtain controlling solenoid controls a leading curtain controlling sole- 
noid when the control signal (leading curtain solenoid control signal 370A) from the control circuit 370 is shifted to the 
low level state. 

The drive circuit 373 for the shutter trailing curtain controlling solenoid controls a trailing curtain controlling solenoid 
10 when the control signal (trailing curtain solenoid control signal 370B) from the control circuit 370 is shifted to the low 
level state. 

The release solenoid drive circuit 374 controls a release solenoid 380 when the control signal (release solenoid 
control signal 370C) from the control circuit 370 is shifted to the low level state. 

The drive circuit 375 for the diaphragm control solenoid controls a diaphragm controlling solenoid 381 when the 
is control signal diaphragm solenoid control signal 370D) from the control circuit 370 is shifted to the low level state. 

The drive circuit 376 for the charging motor controls a charging motor 382 when the control signal (charging motor 
control signal 370E) from the control circuit 370 is shifted to the low level state. 

The drive circuit 377 for the film winding motor controls a film winding motor 383 when the control signal (film wind- 
ing motor control signal 370F) from the control circuit 370 is shifted to the low level state. 
20 The leading curtain control signal 370A, trailing curtain control signal 370B, release solenoid control signal 370C, 
diaphragm solenoid control signal 370D, charging motor control signal 370E and film winding motor control signal 370F 
mentioned above are collectively called load control signals. 

Also the leading curtain control solenoid 378, trailing curtain control solenoid 379, release solenoid 380, diaphragm 
control solenoid 381 , charging motor 382 and film winding motor 383 mentioned above are collectively called load ele- 
25 ments. 

Said timing signal generating circuit 360 generates signals indicating the start and end of load controls (hereinafter 
called load control timing signal) in response to said load control signals supplied from the control circuit 370 to said 
load drive circuits, and said load control timing signals are supplied, through the terminal 362, to the control input ter- 
minal CTRL of the calculation circuit 29. 

30 While said load control timing signal is in the high level state, the calculation circuit 29 effects fetching and process- 
ing of the charge-discharge converted signal with a predetermined sampling time Tc, as in the aforementioned conven- 
tional system. However the function of said calculation circuit 29, after the load control timing signal is shifted to the low 
level state, is different in the "fetch start timing control method" and the "fetch period control method" mentioned before. 
The function in each case will be explained later. 

35 Fig. 41 is a timing chart showing the control sequence of the camera body 2, wherein (i) indicates a half-stroke sig- 
nal generated by the half-stroke switch 364. This is a low-active signal serving also for controlling the DC-DC converter 
363. 

(ii) indicated the output voltage Vdd of the DC-DC converter 363, supplied for example to the control circuit 370. 
40 (iii) indicates the low-active release switch signal explained before. 

(iv), ( v )> (vi)> (vii) and (viii) respectively indicate the leading curtain solenoid control signal 370A, trailing curtain 
solenoid control signal 370B, release solenoid control signal 370C, diaphragm solenoid control signal 370D, charg- 
ing motor control signal 370E and film winding motor control signal 370F explained above, which are all low-active 
signals. 

45 

These control signals have following control timings: 

(A) When the half-stroke switch 364 is closed, the half-stroke switch signal (i) is shifted to the low level, thereby 
shifting the control terminal RC of the DC-DC converter 363 to the low level state. Thus said converter 363 is acti- 
so vated to elevate the voltage Vdd to a predetermined value. Thus the control circuit 370 etc. are powered, and the 
unrepresented light metering circuit etc. start their functions. Also the control circuit 370 shifts the afore-mentioned 
power supply hold terminal, connected to the control terminal RC, to the low level, whereby the control circuit 370 
forces the DC-DC converter 363 to continue the supply of the voltage Vdd even after the half-stroke switch 364 is 
opened. 

55 (B) When the shutter release switch 371 is closed, the release switch signal (iii) is shifted to the low level. Said 
release switch signal (iii) is supplied to the control circuit 370, which in response enters a predetermined shutter 
releasing sequence (C) to (J). 

(C) The control circuit 370 shifts the leading curtain solenoid control signal 370A (iv) to the low level, whereby the 
leading curtain solenoid drive circuit 372 energizes the leading curtain control solenoid 378. Upon being energized, 
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said solenoid 378 attracts and supports an unrepresented lever for stopping the leading curtain of the shutter. Said 
lever is in advance supported mechanically by an unrepresented shutter release lever. 

(D) Then the control circuit 370 shift the trailing curtain solenoid control signal 370B (v) to the low level, whereby 
the trailing curtain solenoid drive circuit 373 energizes the trailing curtain control solenoid 379. Upon being ener- 

5 gized, said solenoid 379 attracts and supports an unrepresented lever for stopping the trailing curtain of the shutter. 
Said lever is in advance supported mechanically by an unrepresented shutter release lever. 

(E) The control circuit 370 shifts the release solenoid control signal 370C (vi) to the low level for a predetermined 
period, whereby the release solenoid drive circuit 374 energizes the release solenoid 380 for said period. In 
response, said unrepresented release lever is released and starts function, whereby said stopping levers for the 

10 leading and trailing curtains are released from mechanical support. However said stopping levers for the leading 
and trailing curtains are still supported by the attraction of the solenoids 378, 379. Also an unrepresented quick- 
return mirror is released and starts to elevate. Furthermore, an unrepresented diaphragm stop lever is released, 
and an unrepresented diaphragm starts the aperture closing operation. 

(F) Upon detecting by unrepresented aperture monitoring means that the said diaphragm has been reduced to a 
15 predetermined aperture, the control circuit 370 shifts the diaphragm solenoid control signal (vii) to the low level for 

a predetermined period, whereby the diaphragm solenoid drive circuit 375 energizes the diaphragm control sole- 
noid 381 for said period, thereby activating an unrepresented diaphragm stop lever to terminate said aperture clos- 
ing operation. 

(G) The control circuit 370 shifts the leading curtain solenoid control signal 370A (iv) to the high level state, whereby 
20 the leading curtain solenoid drive circuit 372 deactivates the leading curtain control solenoid 373. As said leading 

curtain stop lever becomes no longer attracted, an unrepresented leading curtain of the shutter starts to run. 

(H) After the lapse of a predetermined shutter time from (G), the control circuit 370 shifts the trailing curtain sole- 
noid control signal 370B (v) to the high level state, whereby the trailing curtain solenoid drive circuit 373 deactivates 
the trailing curtain control solenoid 379. As said trailing curtain stop lever becomes no longer attracted, an unrep- 

25 resented trailing curtain of the shutter starts to run. 

(I) The control circuit 370 shifts the charging motor control signal 370E (viii) to the low level until unrepresented 
detection means detects the completion of shutter charging operation, whereby the charging motor drive circuit 376 
activates the charging motor 382 during said low level state. Said charging motor 382 effects a charging operation, 
by moving said release lever, diaphragm, quick-return mirror, leading and trailing curtains of the shutter etc. Thus 

30 the aforementioned release lever, leading curtain, leading curtain stop lever, trailing curtain, trailing curtain stop 
lever, diaphragm, diaphragm stop levers, quick-return mirror etc. are returned to a state prior to the step (C), 
namely a state before the start of the shutter releasing sequence. 

In certain cameras, the charging motor 382 is driven simply for a predetermined period, without utilizing the 
detection of completion of charging operation by the detection means. 

35 (J) The control circuit 370 shifts the film winding motor control signal 370F (ix) to the low level state until unrepre- 
sented detection means detects the completion of a film winding operation, whereby the film winding motor drive 
circuit 377 activates the film winding motor 383 during said low level state. Said motor rotates an unrepresented 
sprocket, thereby advancing the film by a frame. 

40 In certain cameras, the film winging motor 383 is activated simply for a predetermined period, without utilizing said 
detection means. 

In Fig. 41, (x) indicates the charge-discharge converted signal (proportional to the discharge current in this case) 
of the secondary battery 20 in the above-explained sequence, wherein Icir indicates a current consumed by the control 
circuit 370 and the unrepresented light-metering circuit etc. Said current is present while these circuits are powered by 
45 the DC-DC converter 363. 

The charge-discharge converted signal (discharge current) varies significantly at each release of the load control 
signals (iv) - (ix) from the control circuit 370. As already explained in relation to Fig. 8, such wave form will evidently 
result in a significant error in the calculation of remaining capacity if the sampling is conducted with a constant sampling 
cycle time Tc. 

so In the following there will be explained (1) fetch start timing control method and (2) fetch period control method. 

(1) Fetch start timing control method: 

While the load control timing signal is in the high level state, the calculation circuit 29 executes normal calculation 
55 of remaining capacity, with the signal intake time Tin and the signal non-intake time Tno. When said timing signal is 
shifted to the low level state, the calculation circuit 29 immediately interrupts the normal calculation routine for the 
remaining capacity (by interrupting the fetching of charge-discharge converted signal or the calculation of said signal, 
eventually including to discard the data of the current cycle for obtaining the dimension of current), starts immediately 
the fetching of the charge-discharge converted signal and executes the routine for calculating the remaining capacity in 



23 



EP0750 215 A2 



normal manner. 

It is assumed that the calculation circuit 29 is composed of a double-integration A/D converter 41 and a microcom- 
puter 42 as shown in Figs. 4 and 5. While said load control timing signal is in the high level state, the calculation circuit 
executes, as in the aforementioned conventional configuration, the fetching of charge-discharge converted signal (sig- 

s nal integration), reference integration, memory reading, transmission of A/D converted value, calculation, memory writ- 
ing, display etc. with a predetermined sampling cycle time Tc. When said timing signal is shifted to the low level state, 
the above-mentioned normal processing is interrupted, with the data of the current cycle for determining the dimension 
of current being discarded, and the calculation circuit 29 immediately starts the fetching of the charge-discharge con- 
verted signal and executes the routine for calculating the remaining capacity (repetition of the steps of signal fetching 

10 in a period T1 , reference integration, transmission of A/D converted value, calculation, storage in memory and display) 
in normal manner. 

In this case, therefore, there is only controlled the start timing of the normal routine for calculating the remaining 
capacity. 

75 (2) Fetch period control method: 

During the high level state of the load control timing signal, the calculation circuit 29 executes the normal routine 
for calculating the remaining capacity, with the signal intake time Tin and the signal non-intake time Tno. When said tim- 
ing signal is shifted to the low level state, the calculation circuit 29 immediately interrupts said normal routine (by inter- 

20 rupting the normal fetching of charge-discharge converted signal or the calculation, eventually discarding the data of 
the current cycle for determining the dimension of current), starts immediately the fetching of the charge-discharge con- 
verted signal and continues said fetching while said timing signal is in the low level state. Thus the signal fetching period 
is extended corresponding to said low level state. When the load control timing signal is thereafter shifted to the high 
level state, the calculation circuit 29 effects the calculation process on the charge-discharge converted signal fetched 

25 during the low level state of the load control timing signal, and then re-starts the normal calculation routine for the 
remaining capacity with the signal intake time Tin and the signal non-intake time Tno. 

It is again assumed that the calculation circuit 29 is composed, as shown in Figs. 4 and 5, of a double-integration 
A/D converter 41 and a microcomputer 42. During the high level state of said load control timing signal, the calculation 
circuit 29 executes the fetching of charge-discharge converted signal (signal integration), reference integration, memory 

30 reading, transmission of A/D converted value, calculation, memory writing, display etc. with the predetermined sam- 
pling cycle time Tc as in the conventional configuration. When said timing signal is shifted to the low level state, the cal- 
culation circuit 29 interrupts the above-mentioned normal sequence, by eventually discarding the data of the current 
cycle for determining the dimension of current, starts immediately the fetching of charge-discharge converted signal 
(signal integration) and continues said fetching during the low level state of said timing signal. When said timing signal 

35 returns to the high level state, said signal fetching (signal integration) is terminated, and there are conducted steps of 
reference integration, memory reading, transmission of A/D converted value, calculation, memory writing and display. 
Thereafter the calculation circuit 29 returns to the normal routine for calculating the remaining capacity, consisting of 
repetition of the steps of signal fetching in a period T1 , reference integration, transmission of A/D converted value, cal- 
culation, memory writing and display. 

40 Thus, in this method, there are controlled the start timing of the normal routine for calculating the remaining capac- 
ity and the signal fetching period thereof. 

Fig. 42 shows an example of the detailed structure of the circuit 360 for generating the load control timing signal, 
employed in the present embodiment. 

As already explained in relation to Fig. 40, the load control timing signal (indicating the duration of load control in 

45 this case) is generated in response to the load control signals supplied from the control circuit 370 to the aforemen- 
tioned load drive circuits. 

The voltage Vdd is supplied to the unrepresented power supply port of a 6-input AND gate 365 and to the emitter 
of a resistor-incorporated transistor 366. 

Six input ports of the 6-input AND gate 365 respectively receive the load control signals shown in Fig. 40, namely 
so the leading curtain solenoid control signal 370A, trailing curtain solenoid control signal 370B, release solenoid control 
signal 370C, diaphragm solenoid control signal 370 D, charging motor control signal 370 E and film winding motor control 
signal 370F. 

The output of said AND gate 365 is supplied to the base of said resistor-incorporated transistor 366, of which col- 
lector is also connected to the base of another resistor-incorporated transistor 367. The emitter thereof is grounded, 
55 and the collector output thereof is supplied, as the load control timing signal, to the control input terminal CTRL of the 
calculation circuit 29 through the terminal 362 (CTL) shown in Fig. 40. 

When the voltage Vdd is not supplied, the transistor 366 is not powered, whereby the transistors 366, 367 are both 
turned off and the load control timing signal assumes the high level state. 

When Vdd is supplied by the activation of the DC-DC converter 363 in Fig. 40, six load control signals supplied to 
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the 6-input AND gate 365 assume the high-level state, whereby said AND gate 365 releases a high-level output signal. 
Consequently the transistors 366, 367 remain turned off, and the load control timing signal remains in the high-level 
state. 

Then, when the release switch 371 is closed, the control circuit 370 releases, in succession, according to the pre- 
5 determined sequence, the leading curtain solenoid control signal 370A, trailing curtain solenoid control signal 370B, 
release solenoid control signal 370C, diaphragm solenoid control signal 370D, charging motor control signal 370E and 
film winding motor control signal 370F, by shifting each of said signals from the high level to low and again to high. As 
explained before, each load element is activated during the low level state of the corresponding load control signal. 
When any of the load control signals is shifted to the low level state, the AND gate 365 provides a low level output 
10 in the corresponding period, whereby the transistors 366, 367 are turned on and the load control timing signal is shifted 
to the low level state. 

In this manner the load control timing signal assumes the low level state while any of the load elements is driven. 
In the following there will be explained the functions of the configuration shown in Figs. 40 to 42, in each of (1 ) fetch 
start timing control method and (2) fetch period control method explained above. 

15 

(1) Case of fetch start timing control method: 

Fig. 43 shows the load control timing signal and charge-discharge converted signal (discharge current) in case of 
employing the fetch start timing control method in the above-mentioned configuration, and the result of signal fetching 
20 into the calculation circuit. 

In Fig. 43, (xi) indicates the load control timing signal obtained in the sequence shown in Fig. 41, employing the 
generating circuit 360 shown in Fig. 42. A solid-lined wave form (xii) indicates the charge-discharge converted signal 
(discharge current) same as (x) in Fig. 41. 

In the present case, as explained in the foregoing, in response to the shift of the load control timing signal (xi) to the 
25 low level state, the normal signal fetching or calculation is interrupted and the fetching of the charge-discharge con- 
verted signal is immediately started. Then, in response to the shift of said timing signal to the high level state, there is 
conducted the calculation of signal fetched during said low level state, and the normal signal fetching is re-started. 

Following control operations are conducted in the hatched areas in (xii): 



30 


- area (a): 


normal fetching of charge-discharge converted signal; 




- area (b): 


normal signal fetching was intended but signal was not used because of (c); 




- area (c): 


first signal fetching by the shift of load control timing signal to low level; 




- areas (d) - (h): 


normal signal fetchings; 




- area (i): 


normal signal fetching was intended but signal was not used because of (j); 


35 


- area (j): 


first signal fetching by the shift of load control timing signal to low level; 




- area (k): 


normal signaJ fetching; 




- area (I): 


normal signal fetching; 




-area (m): 


normal signal fetching was intended but signal was not used because of (n); 




- area (n): 


first signal fetching by the shift of load control timing signal to low level; 


40 


- area (p): 


normal signal fetching. 



In Fig. 43, (xiii) schematically shows the charge-discharge converted signal after being sampled into the calculation 
circuit. 

As shown in this chart, the calculation circuit 29 can considerably exactly fetch the discharge current, which signif- 
45 icantly varies at each release of the load control signals, particularly the surge currents of motors, so that the error in 
the remaining capacity can be reduced. 

(2) Case of fetch period control method: 

50 Fig. 44 shows the loaded control timing signal and charge-discharged converted signal (discharge current) in case 
of employing the fetch period control method in the above-mentioned configuration, and the result of signal fetching into 
the calculation circuit. 

In Fig. 44, (xi) indicates the load control timing signal obtained in the sequence shown in Fig. 41, employing the 
generating circuit 360 shown in Fig. 42. 
55 A solid-lined wave form (xii) in Fig. 44 indicates the charge-discharge converted signal (discharge current) same as 
(x) in Fig. 42. 

In the present case, in response to the shift of the load control timing signal (xi) to the low level state, the normal 
signal fetching or calculation is interrupted, and there is immediately started the fetching of charge-discharge converted 
signal, which is continued during said low level state. Then, in response to the shift of said timing signal to the high level 
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state, there is conducted the calculation of signal fetched during said low level state, and the normal signal fetching is 
then re-started. 

Following control operations are conducted in the hatched areas in Fig. 44: 

5 - area (a): normal fetching of charge-discharge converted signal; 

- area (b): normal signal fetching was intended but signal was not used because of (c); 

• area (c): signal fetching continued during the low level state of load control timing signal; 

* area (d): normal signal fetching was intended but signal was not used because of (e); 

- area (e): signal fetching continued during the low level state of load control timing signal; 
10 - area (f) : normal signal fetching ; 

- area (g): normal signal fetching was intended but signal was not used because of (h); 

- area (h): signal fetching continued during the low level state of load control timing signal. 



In Fig. 44, (xiii) schematically shows the charge-discharge converted signal after being sampled into the calculation 
15 circuit. 

As shown in this chart, the calculation circuit 29 can considerably exactly fetch the discharge current, which signif- 
icantly varies at each release of the load control signals, particularly the surge currents of motors, so that the error in 
the remaining capacity can be reduced. 

While the secondary battery pack 1 is detached from the camera body 2 (the pack being left along or charged in 
20 connection with the charger 3), the calculation circuit 29 effects normal fetching of the charge-discharge converted sig- 
nal, as the control input terminal CTRL is in the high level state. 

In the present embodiment, the load control timing signal is generated by the logic product of six load control sig- 
nals, namely the leading curtain solenoid control signal 370A, trailing curtain solenoid control signal 370B, release sole- 
noid control signal 370C, diaphragm solenoid control signal 370D, charging motor control signal 370E and film winding 
25 motor control signal 370F, but if there are other load control signals, they are naturally included in the logic product. 

Also in the present embodiment, the load control timing signal is generated by the logic product of all the load con- 
trol signals, but it is also possible to disregard the load control signals except for those corresponding to loads showing 
a significant current variation within a short period, such as motors. Stated differently, except for the loads showing a 
significant current variation within a short time, the charge-discharged converted signal may be fetched in the normal 
30 routine for remaining capacity calculation. 

As an example, in the configuration shown in Fig. 40, there may be considered the charging motor control signal 
370E and the film winding motor control signal 370F only. Thus, in the circuit shown in Fig. 42, the 6-input AND gate 
365 may be replaced by a two-input AND gate receiving said charging motor control signal 370E and film winding motor 
control signal 370F. 

35 In the course of the signal fetching or the calculation explained above, the correct remaining capacity at the point 
is not yet determined. Therefore, in such period, the display on the display unit 12 (31) included in the display circuit 31 
may be caused to intermittently flash, by a known method. This mode is likewise applicable to the 13th, 14th or 15th 
embodiment to be explained later. 



40 [13th embodiment] 

Figs. 45 and 46 illustrate a 1 3th embodiment of the present invention. 

In this embodiment, the load control timing signal is shifted to the low level state for a predetermined period To, in 
response to the shift of any of the load control signals from the high to low level state, in contrast to the foregoing 12th 
45 embodiment in which said load control timing signal is shifted to the low level state during the low level state of any of 
the load control signals. 

Therefore, when any of the load elements is activated, the load control timing signal assumes the low level state 
only during a predetermined period To. 

The structure of the secondary battery pack 1 , camera body 2 and charger 3 will not be explained since it is same 
so as that shown in Figs. 38 and 39. The electrical circuit is same. as that shown in Fig. 40. 

Fig. 45 shows the detailed structure of an example of the circuit 360 for generating the load control timing signal 
shown in Fig. 40. 

As already explained in relation to Fig. 40. the load control timing signal (indicating the start of load control in this 
case) is generated by the load control signals supplied from the control circuit 370 to the load drive circuits. 
55 The voltage Vdd is supplied to the unrepresented power supply port of a 6-input AND gate 365 and to the emitter 
of a resistor-incorporated transistor 366. Six input ports of the AND gate 365 respectively receive the load control sig- 
nals shown in Fig. 40. namely the leading curtain solenoid control signal 370A, trailing curtain solenoid control signal 
370B, release solenoid control signal 370C, diaphragm solenoid control signal 370D, charging motor control signal 
370E and film winding motor control signal 370F. The output of said 6-input AND gate 365 is supplied to an input termi- 
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nal 368A of a one-shot circuit 368, of which output terminal 368B is connected to the base of the transistor 366. 

As already known, the one-shot circuit generates an output signal for a predetermined period, starting from an 
upshift or downshift of an input signal. The one-shot circuit 368 shown in Fig. 42 shifts the normally high output signal 
from the output terminal 368B to the low level state for a predetermined period To, in response to the downshift of the 
5 input signal to the input terminal 368A. The voltage Vdd is supplied to the unrepresented power supply terminal of said 
one-shot circuit 368. The collector of the transistor 366 is connected to the base of another resistor-incorporated tran- 
sistor 367, of which emitter is grounded. Thus the output of the collector of said transistor 367 is supplied, as the load 
control timing signal, to the control input terminal CTRL of the calculation circuit 29, through the terminal 362 (CTL) 
shown in Fig. 40. 

10 In the following there will be explained the control operations, with reference also to Fig. 40. 

When the voltage Vdd is not supplied, the transistor 366 is not powered, whereby the transistors 366, 367 are both 
turned off and the load control timing signal assumes the high level state. 

When Vdd is supplied by the activation of the DC-DC converter 363, six load control signals supplied to the 6-input 
AND gate 365 assume the high-level state, whereby said AND gate 365 releases a high-level signal. Consequently the 
15 transistors 366, 367 remain turned off, and the load control timing signal remains in the high-level state. 

Then, when the release switch 371 is closed, the control circuit 370 releases, in succession according to the pre- 
determined sequence explained in the 12th embodiment, the load control signals, namely the leading curtain solenoid 
control signal 370A, trailing curtain solenoid control signal 370B, release solenoid control signal 370D, charging motor 
control signal 370E and film winding motor control signal 370F, by shifting each of said signals from the high level to low 
20 and again to high. As explained before, each load element is activated during the low level state of the corresponding 
load control signal. 

The output of the AND gate 365 is shifted to the low level only when one of the load control signals varies from the 
high level to the low level while other five load control signals remain at the high level. In such state the input terminal 
368A of the one-shot circuit 368 is shifted from the high level state to low, whereby a low-level signal is released from 
25 the output terminal 368B for the predetermined period To. 

Consequently the transistors 366, 367 are both turned on during said period To, whereby the load control timing 
signal assumes the low level state. 

Thus, when one of the load elements is driven, the load control timing signal assumes the low level state only dur- 
ing said predetermined period To. 
30 Fig. 46 shows the load control timing signal and the charge-discharge converted signal (discharge current) in case 
of employing the aforementioned fetch period control method in the present configuration, and the result of fetching into 
the calculation circuit 29. 

In Fig. 46, (xi) indicates the load control timing signal obtained in the sequence shown in Fig. 41 , employing the 
generating circuit 360 shown in Fig. 45 A solid-lined wave form (xii) indicates the charge-discharge converted signal 
35 (discharge current) same as (x) in Fig. 41 . 

In response to the shift of the load control timing signal (xi) to the low level state, the normal signal fetching or cal- 
culation is interrupted, and there is immediately started the fetching of charge-discharge converted signal, which is con- 
tinued during said low level state. Then, in response to the shift of said timing signal to the high level state, there is 
conducted the calculation of signal fetched during said low level state, and the normal signal fetching is then re-started. 
40 Following control operations are conducted in the hatched areas: 

- area (a) : normal fetching of charge-discharge converted signal ; 

- area (b): normal signal fetching was intended but signal was not used because of (c); 

- area (c): signal fetching continued during the low level state of load control timing signal; 
45 - area (d) - (h): normal signal fetchings; 

- area (i): normal signal fetching was intended but signal was not used because of (j); 

- area Q): signal fetching continued during the low level state of load control timing signal; 

- area (k): normal signal fetching; 

- area (I): normal signal fetching; 

so - area (m): normal signal fetching was intended but signal was not used because of (n); 

- area (n): signal fetching continued during the low level state of load control timing signal; 

- area (p): normal signal fetching. 

In Fig. 46, (xiii) schematically shows the charge-discharge converted signal after being sampled into the calculation 
55 circuit. 

As shown in this chart, the calculation circuit 29 can considerably exactly fetch the discharge current, which signif- 
icantly varies at each release of the load control signals, particularly the surge currents of motors, so that the error in 
the remaining capacity can be reduced. 

Also the aforementioned fetch start timing control method may be employed likewise, though no further explanation 
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will be given on this case. 

Also as already explained in the 12th embodiment, the load control signals may be disregarded except those cor- 
responding to the toads showing significant current variations within a short period, such as motors. Stated differently, 
except for the loads showing a significant current variation within a short time, the charge-discharge converted signal 
5 may be fetched in the normal routine for remaining capacity calculation. 

As an example, in the configuration shown in Fig. 40, there may be considered the charging motor control signal 
370E and the film winding motor control signal 370F only. Thus, in the circuit shown in Fig. 45, the 6-input AND gate 
365 may be replaced by a two-input AND gate receiving said charging motor control signal 370E and film winding motor 
control signal 370F. 

10 

[14th embodiment] 

Figs. 47 and 48 illustrate a 14th embodiment of the present invention, in which the load control timing signal is 
shifted to the low level state, not in response to the each shift of the load control signals to the low level state as in the 
15 foregoing 1 2th embodiment, but during the release sequence consisting of the steps (C) to (J) in the 1 2th embodiment. 

The structure of the present embodiment is same as that shown in Figs. 38 and 39, and the electrical circuit is same 
as that shown in Fig. 40, so that they will not be explained further. 

Fig. 47 shows the details of an example of the circuit 360, shown in Fig. 40, for generating the load control timing 
signal. 

20 In the following there will be explained the structure and control operations of said generating circuit 360, with ref- 
erence also to Fig. 40. 

As already explained in relation to Fig. 40, the load control timing signal (indicating the duration of release 
sequence in this case) is generated from the load control signals supplied from the control 370 to the load drive circuits. 
A voltage Vdd is supplied to the emitter of a resistor-incorporated transistor 366. The leading curtain solenoid control 
25 signal 370A, shown in Fig. 40, is supplied to an input terminal 390A of a one-shot circuit 390, which shifts are normally 
high output signal from an output terminal 390B to the low level state during a predetermined period To1 , starting from 
a level downshift of the input terminal 390A. Said output terminal 390B is connected to a set terminal 392S of an RS f li- 
f lop 392. 

The input terminal 391 A of a one-shot circuit 391 receives the film winding motor control signal 370F shown in Fig. 

30 40. Said one-shot circuit 391 shifts the normally high output signal from the output terminal 391 B to the low level state 
for a predetermined period To2, starting from a level upshift of the input terminal 391 A. The output terminal 391 B of said 
one-shot circuit 391 is connected to an input terminal 395A of a two-input AND gate 395. 

The other input terminal 395B of said 2-input AND gate 395 is connected to a resistor 393 and a capacitor 394, and 
the other end of said resistor 393 is connected to a line supplying the voltage Vdd, while the other end of said capacitor 

35 394 is grounded. The output terminal 395C of the 2-input AND gate 395 is connected to the reset terminal 392R of said 
RS flip-flop 392, of which output terminal 392C is connected to the base of the resistor-incorporated transistor 366. Said 
RS flip-flop 392 is low active type, and, as already know, when a low-level signal is once given to the set terminal 392S, 
the output terminal 392C is latched at the low-level state (setting), while when a low-level signal is once given to the 
reset terminal 392R, said output terminal 392C is latched at the high-level state (resetting). The voltage Vdd is supplied 

40 to unrepresented power supply terminals of the RS flip-flop 392, and one-shot circuits 390, 391 . The collector of the 
transistor 366 is connected to the base of another resistor-incorporated transistor 367, of which emitter is grounded. 
Thus the collector output of said transistor 367 is supplied, as the load control timing signal, to the control input terminal 
CTRL of the calculation circuit 29, through the terminal 362 (CTL) shown in Fig. 40. 

When the voltage Vdd is not supplied, the transistor 366 is not powered, whereby the transistors 366, 367 are both 

45 turned off and the load control timing signal assumes the high level state. When the voltage Vdd is supplied by the acti- 
vation of the DC-DC converter 363, the input terminal 395B of the 2-input AND gate 395 assumes the low level state 
for a period determined by the time constant of the resistor 393 and the capacitor 394, whereby the reset terminal 392R 
of the RS flip-flop 392 is shifted to the low level state for a predetermined period and the output terminal 392C thereof 
assumes the high-level state. Thus the transistors 366, 367 remain turned off, and the load control timing signal remains 

so in the high level state. 

When the release switch 371 is closed, according to the predetermined release sequence, consisting of the steps 
(C) to (J) explained in the 1 2th embodiment, the control circuit 370 at first shifts the leading curtain solenoid control sig- 
nal 370A to the low level state. 

Thus the input terminal 390A of the one-shot circuit 390 is shifted to the low level, whereby the output terminal 390B 
55 thereof is shifted to the low level state during the period To1 . This output signal maintains the set terminal 392S of the 
RS flip-flop 392 at the low level for said period To1, thereby setting said flip-flop 392 and obtaining a low-level signal 
from the output terminal 392C thereof. Consequently the transistors 366, 367 are both turned on and the load control 
timing signal is shifted to the low level. 

Thereafter, according to said release sequence, the control circuit 370 releases the trailing curtain solenoid control 
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signal 370B, release solenoid control signal 370C, diaphragm solenoid control signal 370D, and charging-motor control 
signal 370E in succession, by shifting each signal from the high level state to low and again to high. 

Then, at the end of the release sequence, the film winding motor control signal 370F is shifted from the high level 
state to low, and then to high. Thus the input terminal 391 A of the one-shot circuit 391 is shifted from the low level state 
5 to high, and the output terminal 391 B releases a low level signal for the period To2. 

This maintains the reset terminal 392R of the RS flip-flop 392 at the low level for said period To2, thereby resetting 
said RS flip-flop 392 and obtaining a high level output from the output terminal 392C thereof. Consequently the transis- 
tors 366, 367 are both turned off, and the load control timing signal assumes the high level state. 

Fig. 48 shows the load control timing signal and the charge-discharge converted signal (discharge current) in case 
10 of employing the aforementioned fetch period control method in the present configuration, and the result of fetching into 
the calculation circuit 29. 

In Fig. 48, (xi) indicates the load control timing signal obtained in the sequence shown in Fig. 41, employing the 
generating circuit 360 shown in Fig. 47. 

A solid-lined wave form (xii) indicates the charge-discharge converted signal (discharge current) same as (x) in Fig. 

15 41. 

As explained before, in response to the shift of the load control timing signal (xi) to the low level state, the normal 
signal fetching or calculation is interrupted, and there is immediately started the fetching of charge-discharge converted 
signal, which is continued during said low level state. Then, in response to the shift of said timing signal to the high level 
state, there is conducted the calculation of signal fetched during said low level state, and the normal signal fetching is 
20 then re-started. 

Following control operations are conducted in the hatched areas: 

- area (a): normal fetching of charge-discharge converted signal ; 

- area (b): normal signal fetching was intended, but signal was not used because of (c); 
25 - area (c): signal fetching continued during the low level state of load control timing signal. 

In Fig. 48, (xiii) schematically shows the charge-discharge converted signal after being sampled into the calculation 
circuit. 

As shown in this chart, the calculation circuit 29 can considerably exactly fetch the discharge current, which signif- 
30 icantly varies at each release of the load control signals, particularly the surge currents of motors, so that the error in 
the remaining capacity can be reduced. 

Also the aforementioned fetch start timing control method may be employed likewise, though no further explanation 
will be given on this case. 

Also as already explained in the 12th embodiment, the load control signals may be disregarded except those cor- 
35 responding to the loads showing significant current variations within a short period, such as motors. Stated differently, 
except for the loads showing a significant current variation within a short time, the charge-discharge converted signal 
may be fetched in the normal routine for remaining capacity calculation. As an example, in the configuration shown in 
Fig. 40, there may be considered the charging motor control signal 370E and the film winding motor control signal 370F 
only. Thus, in Fig. 47, the input terminal 390A of the one-shot circuit 390 may be given the charging motor control signal 
40 370E instead of the leading curtain solenoid control signal 370A. 

[15th embodiment] 

Figs. 49 and 50 illustrate a 15th embodiment of the present invention, in which the load control timing signal is 
45 shifted to the low level state for a period To1 in response to the change of each load control signal to the low level state, 
instead of shift of the load control timing signal to the low level state for the period To in response, as in the 13th embod- 
iment, to a shift of the logic product of the load control signals to the low level state. 

Thus, in response to the activation of any of the load elements, the load control timing signal is shifted to the low 
level only during the predetermined period To. 
so The structure of the present embodiment is same as that shown in Figs. 38 and 39, and the electrical circuit is same 
as that shown in Fig. 40, so that they will not be explained further. 

Fig. 49 shows the details of an example of the circuit 360, shown in Fig. 40, for generating the load control timing 
signal. 

As already explained in relation to Fig. 40, the load control timing signal (indicating the start of load control in this 
55 case) is generated from the load control signals supplied from the control circuit 370 to the load drive circuits. 

A voltage Vdd is supplied to an unrepresented power supply terminal of a 6-input AND gate 307, to the emitter of 
a resistor incorporated transistor 366, and to unrepresented power supply terminals of one-shot circuits 301 - 306, of 
which input terminals 301 A, 302A, 303A, 304A, 305A, 306A respectively receive the six load control signals shown in 
Figs. 40, namely the leading curtain solenoid control signal 370A, trailing curtain solenoid control signal 370B, release 
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solenoid control signal 370C, diaphragm solenoid control signal 370D, charging motor control signal 370E and film 
winding motor control signal 370F. 

The output terminals 301 B - 306B of said one-shot circuits 301 - 306 are connected to input terminals of a 6-input 
AND gate 307, of which output terminal is connected to the base of a resistor-incorporated transistor 366. 

The one-shot circuit 301 shown in Fig. 49 shifts the normally high output signal from the output terminal 301 B to 
the low level state for a predetermined period To, from a level downshift at the input terminal 301 A. Other one-shot cir- 
cuits 302 - 306 function in a similar manner. 

The collector of said transistor 366 is connected to the base of another resistor-incorporated transistor 367, of 
which emitter is grounded. Thus the collector output of said transistor 367 is supplied, as the load control timing signal, 
to the control input terminal CTRL of the calculation circuit 29, through the terminal 362 (CTL) shown in Fig. 40. 

In the following there will be explained control operations, with reference also to Fig. 40. 

When the voltage Vdd is not supplied, the transistor 366 is not powered, whereby the transistors 366. 367 are both 
turned off and the load control timing signal remains in the high level state. 

When the voltage Vdd is supplied by the activation of the DC-DC converter 363. the six load control signal supplied 
to the input terminals 301 A - 306A of the one-shot circuits 301 - 306 are shifted to and retained at the high level state, 
so that they provide all high-level output signals from the output terminals 301 B - 306B. Thus receiving six high-level 
input signals, the AND gate 307 releases a high-level output signal, whereby the transistors 366, 367 remain turned off 
and the load control timing signal remains at the high level state. 

When the release switch 371 is closed, the control circuit 370 releases in succession, according to the release 
sequence explained in the 12th embodiment, the load control signals, namely the leading curtain solenoid control signal 
370A, trailing curtain solenoid control signal 370B, release solenoid control signal 370C, diaphragm solenoid control 
signal 370D, charging motor control signal 370E and film winding motor control signal 370F by shifting each signal from 
the high level state to low, and then to high. As explained before, each load element is activated during the low level 
state of the corresponding load control signal. 

When any of the load control signals assumes the low level state, the input terminal of the corresponding one-shot 
circuit is shifted from the high level state to low, whereby the corresponding output terminal releases a low-level signal 
during the period To. 

For example, when the leading curtain solenoid control signal 370A assumes the low level state, the input terminal 
301 A of the corresponding one-shot circuit 301 is correspondingly shifted, whereby the corresponding output terminal 
301 B releases a low-level signal during said period To. Thus the output signal of the AND gate 307 assumes the low 
level state during said period To, whereby the transistors 366, 367 are both turned on and the load control timing signal 
assumes the low level state. 

Thus, when any of the load elements is activated, the load control timing signal is shifted to the low level state only 
during the predetermined period To. 

Fig. 50 shows the load control timing signal and the charge-discharge converted signal (discharge current) in case 
of employing the aforementioned fetch period control method in the present configuration, and the result of fetching into 
the calculation circuit 29. 

In Fig. 50, (xi) indicates the load control timing signal obtained in the sequence shown in Fig. 41, employing the 
generating circuit 360 shown in Fig. 49. 

A solid-lined wave form (xii) indicates the charge-discharge converted signal (discharge current) same as (x) in Fig. 

41. 

As explained before, in response to the shift of the load control timing signal (xi) to the low level state, the normal 
signal fetching or calculation is interrupted, and there is immediately started the fetching of charge-discharge converted 
signal, which is continued during said low level state. Then, in response to the shift of said timing signal to the high level 
state, there is conducted the calculation of signal fetched during said low level state, and the normal signal fetching is 
then re-started. 

Following control operations are conducted in the hatched areas: 



• area (a): normal fetching of charge-discharge converted signal; 

- area (b): normal signal fetching was intended, but signal was not used because of (c); 

• area (c): signal fetching continued during the low level state of load control timing signal for a period To; 

- area (d): signal fetching continued during the low level state of load control timing signal for a period To; 
■ area (e): signal fetching continued during the low level state of load control timing signal for a period To; 

- area (f): normal signal fetching was intended, but signal was not used because of (g); 

• area (g): signal fetching continued during the low level state of load control timing signal for a period To; 

• area (h): normal signal fetching; 

• area (i) : normal signal fetching ; 

• area (j): normal signal fetching was intended, but signal was not used because of (k); 

• area (k): signal fetching continued during the low level state of load control timing signal for a period To; 
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• area (I): normal signal fetching; 

- area (m): normal signal fetching; 

- area (n): normal signal fetching was intended, but signal was not used because of (p); 

• area (p): signal fetching continued during the low level state of load control timing signal; 
5 - area (q): normal signal fetching. 

In Fig. 50, (xiii) schematically shows the charge-discharge converted signal after being sampled into the calculation 
circuit 29. 

As shown in this chart, the calculation circuit 29 can considerably exactly fetch the discharge current, which signif- 
10 icantly varies at each release of the load control signals, particularly the surge currents of motors, so that the error in 
the remaining capacity can be reduced. 

In the present embodiment, the low level output period To is selected equal for all the one-shot circuits, but it may 
also be varied from circuit to circuit. For example, the low level output period may be made longer only in the one-shot 
circuit 305, receiving the charging motor control signal 370E, in order to securely fetch the surge current of the charging 
15 motor. 

Also in the present embodiment, the load control timing signal is generated by detecting the downshift of the load 
control signals, but there may be added the detection of upshift of the load control signals, by employing corresponding 
one-shot circuits. Such configuration allows to detect the variation in discharge current resulting from the end of load 
control. 

20 Furthermore, there may also be employed the aforementioned fetch start timing control method, though such con- 
figuration will not be explained further. 

Also as already explained in the 12th embodiment, the load control signals may be disregarded except those cor- 
responding to the loads showing significant current variations within a short period, such as motors. Stated differently, 
except for the loads showing a significant current variation within a short time, the charge-discharge converted signal 

25 may be fetched in the normal routine for remaining capacity calculation. As an example, in the configuration shown in 
Fig. 40, there may be considered the charging motor control signal 370E and the film winding motor control signal 370F 
only. Thus, in the configuration shown in Fig. 49, the one-shot circuits 301 - 304 may be dispensed with, and there may 
be provided a one-shot circuit 305 for receiving the charging motor control signal 370E, a one-shot circuit 306 for receiv- 
ing the film winding motor control signal 370F, and a 2-input AND gate receiving the outputs of said one-shot circuits, 

so instead of the 6-input AND gate 307. 

In the battery systems of the foregoing 1 2th to 1 5th embodiments, there are provided means for calculating and dis- 
playing the remaining capacity of a secondary battery, load means, load control means for on-off control of each load 
means; and generation means for generating a load control timing signal, indicating the control state of said load 
means, based on a signal supplied from the load control means to the load means, wherein said load control timing sig- 

35 nal from said generation means is transmitted to the means for calculating the remaining capacity of secondary battery, 
thereby controlling the timing of detection, fetching and calculation of the charge<Jischarge signal in said calculating 
means. Thus there can be obtained an excellent effect of correctly calculating and displaying the remaining capacity of 
the secondary battery, despite of a simple configuration. 

More specifically, according to the present invention, when the load control timing signal is shifted to the low level 

40 state, the calculation circuit interrupts the normal process of fetching of the charge-discharge converted signal or of cal- 
culation and immediately effects fetching of said converted signal. Then, when the load control timing signal is shifted 
to the high level state, there is conducted the calculation of said signal fetched during said low level state, and the nor- 
mal signal fetching operation is then restarted. Consequently the calculation circuit can considerably exactly fetch the 
discharge current which significantly varies at each release of the load control signals, particularly the surge currents 

45 of motors, and the correct calculation of the remaining capacity is rendered possible. 

Consequently the present invention can avoid the drawbacks that the remaining capacity is very low and is unable 
to drive the loads though the display circuit indicates a still large remaining capacity of the secondary battery, or that the 
display circuit indicates a zero remaining capacity while the secondary battery still has a sufficiently high remaining 
capacity. 

so For example, as in the 12th embodiment, the load control timing signal can be shifted to the low level state during 
the low level state of the load control signals. In this manner it is rendered possible to take the discharge current, sig- 
nificantly varying at the release of each load control signal, exactly into the calculation circuit, thereby reducing the error 
in the remaining capacity. 

Also as in the 13th embodiment, the load control timing signal can be shifted to the low level state during a prede- 
55 termined period To in response to the shift of the logic product of the load control signals to the low level state. Thus the 
load control timing signal can be shifted to the low level state for said predetermined period To, when any of the load 
elements is driven. It is thus rendered possible to take the initial varying portion of the discharge current, varying signif- 
icantly at the release of each load control signal, particularly the surge currents for motors, into the calculation circuit in 
a considerably exact manner, thereby reducing the error in the calculation of remaining capacity. 
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Also as in the 14th embodiment, the load control timing signal can be shifted to the low level state during a shutter 
release sequence. It is thus rendered possible to take all the charge-discharge converted signal during said release 
sequence, in which the discharge current shows significant variations, into the calculation circuit, thereby reducing the 
error in the calculation of remaining capacity. 

5 Also as in the 15th embodiment, the load control timing signal can be shifted to the low level state for a predeter- 
mined period To. in response to the shift to the low level state in any of the load control signals, whereby said load con- 
trol timing signal assumes the low level state only during said period To when any of the load element is driven. It is thus 
rendered possible to take the initial varying portion of the discharge current, varying significantly at the release of each 
load control signal, particularly the surge currents of motors, into the calculation circuit in considerably exact manner, 

10 thereby reducing the error in calculation of the remaining capacity. 

The present invention is not limited to the foregoing embodiments but is subject to variations or modifications in the 
form and/or structure of the camera body, battery pack, charger etc. For example, the secondary battery in the forego- 
ing embodiments is composed of nickel-cadmium battery, but similar effects can naturally be obtained with other re-usa- 
ble batteries such as a lead battery. 

75 Also the position and direction of mounting of the battery pack in the camera body are naturally not limited to the 
structure of the foregoing embodiments in which the pack is mounted laterally in the lower part of the camera body. 

Claims 

20 1 . A battery pack for use in a camera comprising: 
a reusable secondary battery; 

measurement means for measuring a value related to the remaining capacity of the battery; 
communication means for performing communication with the camera; and 
25 control means for controlling the measurement by said measurement means based on a signal communicated 

by said communication means. 

2. A battery pack according to claim 1 wherein said signal communicated by said communication means is a signal 
indicative of timing of the start of said measurement. 

30 

3. A battery pack according to claim 1 wherein said signal communicated by said communication means is a signal 
indicative of timing of the start and end of said measurement. 

4. A battery system for use in a camera, comprising: 

35 

a camera body; and 

a battery pack to be detachably mounted to the camera body; 
the battery pack including: 
a reusable secondary battery; 
40 calculation means for calculating the amount of charge and discharge of said secondary battery; and 

output means for releasing a signal indicating the remaining capacity of said secondary battery, obtained by 

said calculation; and 

the camera body including: 

means for receiving said signal, indicating the remaining capacity, from said output means; and 
45 means for displaying the remaining capacity of the secondary battery, based on said signal indicating the 

remaining capacity. 

5. A camera body to which detachably mountable is a battery pack including a reusable secondary battery, calculation 
means for calculating the amount of charge and discharge of said secondary battery, and output means for releas- 

so ing a signal, indicating the remaining capacity of the secondary battery, obtained from the result of said calculation, 
the camera body comprising: 

means for receiving the signal, indicating the remaining capacity, from said output means; and 

means for displaying the remaining capacity of battery, based on said signal indicating the remaining capacity. 

55 

6. A battery system for use in a camera, comprising: 

a camera body; 

first battery means including a reusable secondary battery, calculation means for calculating the amount of 
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charge and discharge of said secondary battery and output means for releasing a signal indicating the remain- 
ing capacity of the secondary battery obtained from the result of said calculation; and 
second battery means including a non-reusable primary battery; 

the first battery means and the second battery means being selectively mountable to the camera body; 
the camera body including: 

means for identifying the kind of mounted battery means; 

check means for checking the remaining capacity of the primary battery of said second battery means and 
releasing a signal indicating the remaining capacity of said primary battery; 

means for receiving said signal, indicating the remaining capacity of said secondary battery, from said output 
means; and 

display means for displaying the remaining capacity of said primary or secondary battery; 
wherein said display means is adapted to display the remaining capacity of the secondary battery, based on 
said signal indicating the remaining capacity thereof, when the first battery means is mounted to said camera 
body, or the remaining capacity of the primary battery, based on said signal indicating the remaining capacity 
thereof, when the second battery means is mounted to said camera body. 

7. A battery pack to be detachably mounted to a camera body, comprising: 

a reusable secondary battery; 

means for calculating the amount of charge and discharge of said secondary battery; and 

display means for displaying the remaining capacity of the secondary battery, obtained from the result of said 

calculation; 

wherein the display of said display means being observable from the rear side of the camera body when the 
battery pack is mounted to the camera body. 

8. A camera body to which first battery means including a reusable secondary battery, calculation means for calculat- 
ing the amount of charge and discharge of said battery, and display means for displaying the remaining capacity of 
the secondary battery obtained from the result of said calculation, and second battery means including a non-reus- 
able primary battery are selectively mountable, the camera body comprising: 

second display means adapted to said second battery means and capable of checking and displaying the 
remaining capacity of said primary battery; 

detection means for detecting that said first battery means is mounted to the camera body; and 

control means for controlling said second display means in response to the output of said detection means. 

9. A battery system for use in a camera, comprising: 

a camera body; and 

a battery pack detachably mountable to the camera body and including a reusable secondary battery and infor- 
mation memory means; 
the camera body including: 

communication means for communicating with said information memory means; 
calculation means for calculating the amount of charge and discharge of said secondary battery; and 
displaying means for displaying the remaining capacity of the secondary battery, obtained from the result of 
said calculation; 

wherein information indicating the remaining capacity of the secondary battery and stored in said information 
memory means is transmitted to said calculation means through said communication means when the battery 
pack is mounted to the camera body, and information, indicating the remaining capacity of the secondary bat- 
tery, obtained in said calculation means is transmitted to said information memory means through said com- 
munication means. 

10. A battery system for use in a camera, comprising: 

a camera body; and 

a battery pack detachably mountable to the camera body and including a reusable secondary battery and infor- 
mation memory means; 
the camera body including; 

communication means for communicating with said information memory means; 

calculation means for calculating the amount of charge and discharge of said secondary battery; 
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displaying means for displaying the remaining capacity of the secondary battery, obtained from the result of 
said calculation; and 
clock means; 

wherein, when the battery pack is mounted to the camera body, the information indicating the remaining capac- 
5 ity of the secondary battery and the time data, both stored in said information memory means, are transmitted 

through said communication means to said calculation means, which calculates the amount of spontaneous 
discharge of the secondary battery from said time data and the current time indicated by said clock means, and 
determines the remaining capacity of the secondary matter from said spontaneous discharge amount and said 
amount of charge and discharge; and 
10 the information indicating the remaining capacity of the secondary battery, obtained in said calculation means, 

and the time data are transmitted through said communication means and stored in said information memory 
means. 

11. A battery system for use in a camera, comprising: 
a camera body; 

a battery pack detachably mountable to the camera body and including a reusable secondary battery charge- 
able with a charger, and information memory means; and 

a battery charger including first communication means for communicating with said information memory 
means, and first calculation means for calculating amount of charging of the secondary battery; 
the camera body including; 

second communication means for communicating with said information memory means; 
second calculation means for calculating the amount of discharge of said secondary battery; and 
display of said secondary battery; and 

display means for displaying the remaining capacity of the secondary battery, obtained by said calculation 
means; 

wherein, when the charger is connected to the battery pack, the information indicating the remaining capacity 
of the secondary battery and stored in said information memory means is transmitted through said first com- 
munication means to said first calculation means, and the information indicating the remaining capacity of the 
secondary battery after charging, obtained from said first calculation means is transmitted to and stored in said 
information memory means; and 

when the battery pack is mounted to the camera body, the information indicating the remaining capacity of the 
secondary battery and stored in said information memory means is transmitted through said second commu- 
nication means to said second calculation means, and the information indicating the remaining capacity of the 
secondary battery, obtained by said second calculation means is transmitted by said second calculation means 
is transmitted to and stored in said information memory means. 

12. A battery system for use in a camera, comprising: 

40 a camera body; 

a battery pack detachably mountable to the camera body and including a reusable secondary battery charge- 
able with a charger, clock means and information memory means; and 

a battery charger including first communication means for communicating with said information memory 
means and first calculation means for calculating the amount of charging of the secondary battery; 
45 the camera body including; 

second communication means for communicating with said information memory means; 

second calculation means for calculating the amount of discharge of said secondary battery; and 

display means for displaying the remaining capacity of the secondary battery, obtained by said calculation 

means; 

so wherein, when the charger is connected to the battery pack, the information indicating the remaining capacity 

of the second battery and time data, both stored in said information memory means, are transmitted through 
said first communication means to said first calculation means, which calculates the amount of spontaneous 
discharge of the secondary battery based on the time data and determines the remaining capacity of the sec- 
ondary battery based on said spontaneous discharge amount and said amount of discharge, and the remain- 

55 ing capacity of the secondary battery obtained in said second calculation means is transmitted to and stored 

in said information memory means. 

13. A camera system comprising: 
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. a camera body; and 

a battery pack detachably mourrtable to the camera body, including a reusable secondary battery, measure- 
ment means for measuring the amount of charge and discharge of said secondary battery, calculation means 
for calculating the remaining capacity of the secondary battery based on the result of measurement by said 
5 measurement means, and display means for displaying the remaining capacity of said secondary battery; 

the camera body including; 

load means for consuming the current supplied from said secondary battery; 
control means for effecting on-off control of said load means; and 

signal generating means for generating a timing signal indicating the control timing of said control means; 
10 wherein the function timing of said measurement means and said calculation means is controlled according to 

said timing signal. 

14. A battery pack for detachably mounting on a camera, the pack comprising a rechargeable battery, means for sens- 
ing the charging and/or discharging of the battery and for generating in response thereto a signal indicating the 

is remaining capacity of the battery and means for feeding the signal to such a camera when mounted thereon. 

15. A camera arranged to be powered selectively by either a rechargeable battery pack as claimed in claim 1 5 or a non- 
reusable battery pack, the camera comprising means for sensing the remaining capacity of the non-reusable bat- 
tery pack and for generating a signal in response thereto, the camera being provided with means for determining 

20 which one of said battery pack is connected and in response thereto for selecting between the respective signals. 

16. A camera arranged to be powered by one of two types of battery pack connected thereto, said camera comprising 
a display means and means for determining which of the two types of battery pack is connected and for inhibiting 
or enabling said display means in response to the determination. 

25 

1 7. A battery pack for detachably mounting on a camera, the pack comprising a rechargeable battery, memory means 
for storing data indicative of the remaining capacity of said battery and means for receiving from a camera when 
mounted thereon a signal representing a calculated discharge of said battery and for feeding said signal to said 
memory means. 

30 

18. A camera comprising a detachable battery pack including a rechargeable battery, means for calculating the remain- 
ing capacity of the battery on the basis of sensed charging and/or discharging thereof, means for sensing when a 
load is connected to the battery and means for operating the calculating means in response to the sensing of a con- 
nected load by said sensing means. 

35 
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FIG. 9 
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